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C H A P T E R - I 
INTRODUCTION 
Water i s one of the renewable economic goods and i s 
a n a t u r a l r e sou rce l i k e o i l and m i n e r a l s and c e r t a i n l y more 
b a s i c and v i t a l i n i t s usage and n e c e s s i t y . Water i s no t 
on ly e s s e n t i a l £or e x i s t a n c e of p l a n t s b u t a l s o i n e v i t a b l e 
fo r e a r l y b e a r i n g and economic r e t u r n s . Ground water has 
been haroaeed by man ever s i n c e he appeared on the face of 
the e a r t h . Recorded h i s t o r y of over 5000 yea r s ^ o w s evidence 
of open w e l l s and o t h e r h y d r a u l i c s t r u c t i i r e s tapping 
groundwater i n China* I n d i a and I r a n . some of the sages 
l i k e Varahamihira i n I n d i a c o d i f i e d t h e i r , keen o b s e r v a t i o n s 
on groundwater occur rence and movement. H^diaustic l i s t of 
b i o - i n d i c a t o r s t o l o c a t e groundwater were provided i n B r i h a t 
samhi ta (6th Centuary A.D.) . 
I t was about i n the seventh cen tu ry t h e a tmospheric 
o r i g i n of s u r f a c e and subsur face water came t o be widely 
accepted i n Europe. Sys temat i c Groundwater e x p l o r a t i o n was 
taken up i n I n d i a i n the e a r l y 5 0 ' s and was i n i t i a l l y conf ined 
t o r e s o u r c e e v a l u a t i o n i n t h e unconso l ida ted o r s e m i - c o n s o l i -
da t ed f o r m a t i o n s . The t echn ique of e x p l o r a t i o n p r i m a r i l y 
c o n s i s t s of geo log i ca l reconnaissance* occas iona l geophys ica l 
surveys and a c t u a l d r i l l i n g . Today r e sou rce e s t i m a t i o n s a t 
macro level for the whole country on an > fttnperlcal and 
heurist ic basis and for some of the river basins through 
water budgetting studies are available* The identification* 
evaluation and o t i l i za t i on of any resources need a short and 
long term plan and olear definit ion of object ives . The 
pre-requisite for any natural resource management and planning 
i s a compilation and synthesis of basic relevant data. 
Groundwater i s femiliar to a l l Keral ites . Even though 
the state i s small* Kerala has a large number of rivers and 
streams. In quite of this* the people of Kerala generally use 
groundwater of every day needs. Even people residing in 
r iver banks* dig wells to fetch drinking water. In towns and 
c i t i e s where protected water supply i s available* a large 
number of wells are s t i l l in use. The common man of Kerala 
i s thus quite femilar with shallow aquifers* water-table and 
safe y ie ld of wel l s . 
The only source of groundwater in Kerala i s ra infal l . 
But the annual alone cannot be a cr i ter ioa in estimating the 
groundwater. I t has been estimated by prominent hydrogeolo-
g i s t s that about Qxie third of the rainfall received in India 
i s l o s t by evaporation and evapo-transpiration from the earth 
surface. This fraction wil l be more in Kerala* as the entire 
surface i s covered by vegitation which increases evapotrans-
piration and the vast surfaces of rivers and backwaters resul ts 
in exesslve evaporation. Most o£ the remaining qotiAtitt]^  ^ s 
received as surface run o££ in the various rivers. 
of 
Kffirala state is no doubt a land/rivers. The state 
receives comparetlvely h i ^ rainfall. So as the face of it 
appears that the water scarcity is a rare phenomenon. But 
a critical examination of the problem points to the fact that 
the so called plentifull rainfall is not dependable and 
utilization of surface water resources, throughout the years 
may not be possible. The scarcity conditions are experienced 
mainly due tot 
a) Erratic untimely and uneven distribution of rainfall 
%4iich is otherwise fairly high. 
b) Dry spell lasting over six months between Oeceinber 
to May in nnost of the state. 
c) Rugged and undulating nature of Physiography 
accounting for a major loss of precipitation (nearly 
55^) as runoff and 
d) Comparetlvely short distance between the hill and 
the coastline (average width of the state is about 
60 km) resulting in major portions of rainwater to 
escape as flood discharge. 
Goldeua advice mentions correctly that excess shoolA 
always be avoided. This is equally and universally applicable. 
£xcessive use of the natural resouurces without rational 
consideration may lead to deterioration in the environmental and 
ecological conditions* The problem of salinity Ingress along 
the coastal areas Is a classical example of nature's reactions 
to man made actions of disturbing and loibalanclng the enviro-
nment and ecology. Kerala ^ tate has a coastline of about 700 
km In length. Groundwater Is being considered as an Important 
source of water for Industrial agricultural and domestic uses 
In the coastal regions* as the water from surface sources 
will be either Insufficient or polluted. One to large scale 
exploitation of groundwater resources In coastal ttreas» the 
equlllblrlum between the sea water and fresh water zones Is 
destroyed* The Interface position Is forced to move from 
position to another. A study of this problem of tranclent 
Interface Is gaining Importance as more and more developmental 
activities are being planned based on groundwater potential* 
Efficient management and design of groundwater systems In 
coastal areas calls for accurate prediction of the process 
of sea water Intrusion into fresh water aquifers under 
study or transient conditions, studies regarding the availability 
of fresh groundwater and its protection from the intrusion 
of sea water has gained momentum during the current century* 
The problem has become more acute in the state of Kerala 
during the last decade. 
The low land usually reffered to as coastal belt 
constitutes about 1(^ of the geographical area of Kerala* but 
mainly 25^ of population resulting in one of the highest 
population density in the world and there by putting a severe 
stress on the available water resources in the region. 
Incidently, almost entire domestic water need of the area is 
met from the groundwater extracted through the shallow open 
wells tapping only the unconfined aquifers along the coast. 
Paradoxically even thou^ these aquifers are one of the most 
widely used; they are also geohydrologically least studied in 
the country. 
The study area the Chawghat region lies in the Trichur 
district is a part of the coastal stretch of Kerala. It lies 
between north longitudes 75*57* and 76*08* and east latitudes 
10*22' to 10*41 faling in the survey of India toposheet 
Number 58 B/2. The study are covering about 215 sq.km. It 
is bounded by Arabian sea in the western side* Malappuram 
district in the North midland and hilly regions in the East 
and the Kodxuigallur Thaluk in the South. The area is served 
by a good network of roads. TSie coastal highway (WH-17) 
passes through this area from perinJanafP to Kakkadipuram. In 
addition to road communications* the western part of the 
area vAiere lagoons and backwater channels are dominent -
country crafts aid boats serve as useful means of communications, 
cutting short the distance through roads. 
The total population of the Chawghat region is about 
2,17,00 with a density of 17JO person/sq.km. The second 
laorgest temple city of India* The Guruvayur is situated 
in this Thaluk and annualy thousands of pil:.griras are visit:ing 
this place* All over the area, thousands of surface wells 
are constructed by the people for drawing water for drinking 
and other domestic purposes and irrigational use* Due to 
peculiar characteristics of amall land holdings, high density 
of population and its socio-economy the state supports a 
very large nunft^ er of open dug wells* More than 30,000 open 
dugwells and 16,00 shallow tubewells are occurred in the area* 
The proposed investigation has been under taken inorder 
to conduct the systematic hydrogeologic studies* The main 
objectives of the study are as follows: 
1* Hydroogeological mapping of the area and delineation 
of the various aquifer types 
2* Monitoring of water table in pre-monsoon and post-iaonsson 
period 
3* Aquifer system and its charactertlsties 
4* Groundwater occurrence and evaluation 
5* Assessment of Groundwater oiovement 
6* Assessment of Groundwater potential 
7* Kiecharge of groundwater 
8* Exploration and Exploitation of around water in the 
Chawghat area. 
9* Grovindwater pollution due to direct recharge from 
the backwater channels system* 
10. Hydrochemistry and water quality. 
The Geological Survey of India investigated the coastal 
region o£ Kerala since 1964. Central Groundwater board 
(1984-88) covered this area under the coastal groundwater 
project. The kerala state groundwater board (1984-90) centre 
for water Resource of Development and Managenaent, Calicut, 
Centre for Earth Science studies, Trivotndrum are working 
seperately to investigate the ground water resources. 
C H A P T E R - I I 
SaXSZOGRMHY* DRAXHiySB, CUlMia& USfD SOIL CHARACT5RISTICS 
Phyaiographyt 
P h y s l o g r ^ h i c a l l y the d i s t r i c t can be devided i n t o 
three d i v i s i o n s * 
1} Lowl^ and in the west -coasta l p l a i n 
i i ) Midland are^ of peneplains 
i i i ) A h ic^ land of the e a s t forming part of western 
ghat s . 
( i ) c o a s t a l P l a i n s : 
The coasta l p la ins appear to extend upto 7 kms or more 
from the present coas t l i n e and i t runs p a r r a i l e l t o 
the coast* The coas ta l p la in i s traversed by streams dra in-
ing i n t o the L«lcshadweep sea . The e l eva t ion of the area 
ranges from 1 a below mean sea leve l to as much as 6 m above 
mean s e a l e v e l . A l a r g e part of the study area belongs t o 
t h i s coas ta l p l a i n . 
Qeomorphic landforms i d e n t i f i e d in the coasta l area« 
a part of low land« are Beaches* shore platforms, s p i t s and 
bars* beach r idges estxjuri<p and lagoons* mudflats and t i d a l 
flats. The Kayals are the esturies v4ilch are submerged 
river mouth. These Kayals are prove to receive Sediments 
from land ward. O^ere has been considerable reclamation o£ 
cultivation land in the last 75 years. This can be evidenced 
from old toposheets as surveyed and modified in 1913-14 and 
1953-54 respectively in comparison with the present area. 
is 
The present shore line/straight* trending NNW-SSW with minor 
variations. The active sea erosion is seen at many places. 
The beeches are very narrow. 
Nair (1987) has given detailed discription of the 
coastal geomorphology of Kerala and classified the shore 
line as I 
1. Cliffed emerged shore line 
2. Neutral shoreline 
3. Prograded and emerged shore line. 
The study area has the prograded and emerged shore line 
There are at least four distinct stand lines in the coast. 
The abstance of delta in the river mouth is surpt-ising, with 
a high rainfall rate and heavy sediment transport by rivers 
flowing in the steepgradients of the hinter land. 
(ii) Midland area of peaepliln: 
The midland region is marked by two geomorphic units; 
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these are (1) the pla teue l i k e land form covered by a th ick 
bXenket of l a t e r i t e which i s inaed ia te ly to the eas t of 
coas ta l p la ins and r i s e s upot 20 m above m.s*l . This 
l a t e r i t e i s qu i t e thick* a t times a t t a in ing a thickness of 
even 26 m. The mounds occur a l l along the midland por t ion 
i . e . between the main out crop area and the coas ta l zone. 
The second geomorphic un i t in t h i s zone i s represented by 
i n f i l l e d v a l l e y s . Which occur between l a t e r i t i c mounds and 
vary in s i ze from 100 m to 3.5 km. These va l leys coo^rise 
a l l u v i a l sediments and are thickjby c u l t i v a t e d . The h i l l y 
t r a c t along the eas te rn port ion cons t i t u t e the rugged 
t e r r a i n . The eas tern hic^lands e x i b i t one typ ica l topography 
with steep h i l l s d issec ted by deep V-shaped Valleys cut by 
youthful r i v e r s . 
( i i i ) High land* 
This i s a p a r t of western ghat lying in the eas tern 
s ide of the d i s t r i c t . These are mainly the h i l l y ranges 
with out crops of B i o t i t e gniess and c^amocki te . 
The drainage of the area remains as an expression 
of the general s t ruc tu re and i s effected by the rivers^The stuAy 
at^e^iB drained by Khanjira puzha, Chetwai puzha and 
t h e i r neumerous t r i b u t o r i e s . Like majority of Kerala r i v e r s 
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these streams are quick flowing* torrential and are in their 
youthful stage. The overall drainage pattern of the rivers 
and streams are controlled by the deformation structures in 
the basement rocks until the rivers reach coastal plains. In 
the coastal plain it is con tripe tal type of drainage. 
Karuvannur river is the major river in the study area 
originating from western ghats* it is fed by two main 
tributories the Manali and Karumali rivers. Karuvannur river 
takes a south westerly course upto panamkulam and then 
flows westwards. The river bifuracates near Kul;tamangalam 
and one branch flows northwards as Karaijiraphzha and finally 
Joins the sea at Chetwai.^ .. The total length of Karunannur 
river is 52 km. Obis river is a fifth order stream. The 
drainage density and stream frequency has been determined by 
irrigation deptt. of the Government of Kerala as 0.24 and 0.06. 
Chetwai puzha orginating from the midlands . has many 
tributories. It shows to a southern direction almost oarellel 
to the coast and finally Joins with the Karanjira puzha near 
ChMttn^L • Besides this nuntoer of backwater channels 
like Canolly Canal remaining parellel to the coast and 
finally Joins with the sea. A portion of the Viyyara Kayal 
also drains part of the study area. 
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Cll—te aod Raiafallt 
Climat ical ly the area shows very moderate v a r i a t i o n s . 
According tS» Thomthwaite 's c l imat ic c l a s s i f i c a t i o n , the 
bas in ccMaes under wet type of c l imat ic condition (OGWB 19Q81, 
In general four seasons are iden t i f i ed , the hot summer, season 
March to Aay, Southwest Monsoon season from 
from/June to Septecober, North eas t monsoon season extending 
to October to Deceniaer and a cool c l imat ic period during 
January and February. 
3050 mm r a i n f a l l occurs annually in the area, on an 
average. Maximum r a i n f a l l occurs during South-west monsoon 
period extending frcwa June to Septanber and near ly 12X of the 
t o t a l r a i n f a l l i s received during t h i s per iod. Out of 154 
t o t a l ra iny days r eg i s t e red during the year 1989, 98 days 
are accounted for during the south-west monsoon per iod. 15«l!^ 
of the t o t a l r a i n f a l l i s received during October to December 
12.4% of the t o t a l r a i n f a l l i s received diiring March to May. 
and the balance 0.5% i s accounted for Januaury and February 
months. The fig (3 & 2) shows the average annual r a i n f a l l 
from 1975 to 1989 and Isohyetal map of tiie Trichur d i s t r i c t 
r e spec t i ve ly . 
Drought frequencies are worked out based en ag r i cu l tu ra l 
de f in i t i on of drought which takes i n to account the negative 
depar ture of r a i n f a l l from mean r a i n f a l l . During the period 
1901-80, the basin has not experienced most severe drought in 
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any year* I t i s observed that during the 80 year period, 
96 years have recorded are of the three types of draughts v i z 
niild normal and severe* Continues occurrence od draught i s 
observed during the years 1951 to 1954 and 1972-74 (Appendix-I) • 
The probabi l i ty a n a l y s i s of r a i n f a l l within the d i s t r i c t 
ind ica te tha t an amount ot 1«900 torn r a i n f a l l i s sure to occur 
i n 9 (^ of the years* 
The December and January months r e g i s t e r e d high wind 
speed and i t i s l e s s during July* The wind d i rec t i on i s 
predoiitiaantly from e a s t and west both during morning and 
evening hours* The mean wind speed i s 5*5 km/hour. The mean 
monthly r e l a t i v e humidity var ies from 16% to 93)4 during June 
t o September* I t i s about lOA i n January. 
The surface a ir temperature var i e s from 20*6*'C t o 
35*6**C at a maximum and i t ranges from 22 to 25*C a t the 
minimum. Generally during January and April about 8*1 hours 
of the day i s recorded with sunshine* During the rainy only 
2*7 hours of the day e:!qperiences br ight sunshine* 
Evaporation i s high during January to April recording 
the maximum of 6*7 ma per day and the minimum of 1«8 mm per day 
recorded during the South-west monsoon period* 
4000 
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SOU: 
Pedologlcally# soil is the result of the geochemical 
cyclic processes operating at the crust of the belt of 
weathering modified by the coiabined effects of climate, 
biosphere* parent material* topography and time. Kerala 
being situated in a humid tropical zone with heavy 
precipitation and moderate temperatures has given rise to 
widely varying Soil groups from similar parent materials. 
Laterite soils is the predominent soil group occur 
mainly in the midland* with iaedium elevation and hilly 
relief. Iiater4tes can originate from different parent 
materials* in humid tropical climate with alternating dry 
and monsoon seasons. The contribution of climate* vegitation 
and toporgraphy or relief* is very much in evidence with 
regard to the formation of laterites. Under exessive 
precipitation and high summer temperatures the rocks undergo 
intense weathering* leaching away silica* alkalies and 
alkaline earth leaving behind hydrated oxides of iron and 
alumina vAiich get accumulated in the B-horizons of the profile 
entrapping Kaolin. Charceteristic induration or , Plinithite 
formation is a unique feature of laterite soils of this state. 
Coastal alluvixim is seen in the extresMi coastal 
region vAiich has a low amount of clay. Sandy soils are« 
diplorably poor in organic matter a vital component of organic 
Fig. 4 
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matter. The al luvial material orginating from the forest 
and l a t e r i t e Soi l s have served as the secondary parent 
material for the recent formation of a l luvial So i l s , Sandy 
So i l s and peaty Soi ls* Because of the f l a t re l i e f at an 
elevation almost equal to sealevel/ the al luvial and peaty 
So i l s are water logged during a roajor part of the year and 
the water logging has been resulted in inparting some uniqpie 
characterist ic of these so i l s* 
According to sxirvey branch of department of Agriculture, 
of BCerala (1988), Tric^ur d i s t r i c t have bas ica l ly 6 types 
of So i l s ds Brown Hydromorphic, Hydroroorphic Sal J.nf l a t e r i t e s . 
Riverine alluvium. Coastal alluviuqi and Forest loaro&^ 
Distribution of these 6 major Soi l types are shown in Fig. 
The sucf ic ia l geological feat\ires of coastal b e l t 
mainly consist of sand, Sandy clays, clays and l a t e r i t e . The 
f ig 4 shows tile special distribution of So i l s in the Trichur 
d i s t r i c t . 
C H A P T E R * I I I 
GEOLOGY OF OHE AREA 
The occxirrence and rooveioent of groundwater in any area 
i s mainly cont ro l led by the geologic s e t t i n g . Major por t ions 
of the s t a t e i s vmderlain by Crys te l l ine rocks of Archaeam 
age, ^ i c h form the p a r t of the peninsular shield* Sedimentary 
formations ranging from the age from Eocene to recent ove r l i e 
the Crys t e l l i ne basement along the coas ta l area 
Occurrence of Marine and nonmarine Ter t i a ry rocks in 
the onland p a r t of Kerala basin i s known since King (1982) 
and Foot (1883) reported on these rocks . Exposures, though 
poor* of Te r t i a ry rocks axe found in the Southern and Northern 
p a r t of coas ta l Kerala. Due to extensive l a t e r i t i c and 
a l l u v i a l cover and presence of several ^s tu r ine and 
lagoonal water bodies . Later many workers have been carr ied 
out reconvaissance geologic mapping of the sedimentary t e r r a i n 
of coas ta l Kerala based on the study of shallow boreholes 
along the coas t . Geological survey of Ind ia (1980) and Central 
groundwater board (1988) have been conducted surface and 
subsurface geological survey along t h i s a rea . 
The study are# i s occupied by Recent, Ter t ia ry and 
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Archaean formations. The general geo log i c success ion i s 
as fo l lows (John ifeurien, 1980) and (CaWB, 1988) . 
Quartemary Recent 
Sub Recent 
Alluvium and beach 
sands 
Red Terisands« black. 
Sandy c lays and 
l a t e r ! t e . 
Upper Tert iary - Vaikam bed Semi consol idated sand 
stone« Sand, gravel« 
clay^ carbon clay* 
Marl and l i g n i t e 
Archaean - B i o t i t e gn ie s s and charnockite 
Recentt 
Beach sands occur, along the coast with an average 
width ranging from 0,5 to 1.0 km. These are essentially 
made up of fine to medium grained sands with iliraonate. 
The alluvial beds in the area is represented by back water 
and lagoonal deposits brought do%ai by the west flowing 
rivers. These deposit comprise of pure white qui^tz sands 
dirty white silt* silty sand* grey to dark grey beech sands* 
red tery sands and black clay. These deposits along the 
beech get remarked by the waves and tides. These are 
unconsolidated sediments* with varying thickness. The absence 
of delta in the river mouth may be due to the structural 
disturbances. 
It 
All the tertiary sediments are find to be lateritised 
emergence 
on the top indicating an _ ,^ ^ or sealevel cha»ge. Due to 
this laterite capping demarcating the individual out crops 
of different Tertiary beds is difficult. The Thickness of 
the laterite beds goes upto 30 m in these along the surface 
where as upot 74 m thickness was encountered in some of the 
boreholes. The laterite forms a definite geologic horizon 
in the sedimentary sequence in the coastal area 
Valkam beds; 
"Riese beds were not known t i l l r e c e n t l y and f i r s t 
encountered i n the boreholes d r i l l e d by CGWB (1976) • These 
are l a t e r a l i s e d beds v^ereever these beds are exposed and 
pherhaps a l l the l a t e r e t i s e d sediments seen along the upland 
port ion c o n s t i t u t e valkaJa beds . ONGC has given name 'J^ayyanad 
beds' for t h i s (Zutzhi e t a l .« 1985)- These beds are composed 
of th ick sequence of coarse to very coarse aand and gravel 
and pebble beds interbedded with ash grey clay* carbonaceous 
c lay and th in bends of l i g n i t e . 
The or ig ina l s h e l l s of organisms are made of Aragonite 
and i n coarse of time i t changes to c a l c i t e . The s h e l l s with 
c a l c i t e i n VaikJam beds i n d i c a t e s that Vaik^® i s the o l d e s t 
fol lowed by Quilon and Warkalai. 
If 
Arch—ant 
Archaeans are basement rcxzks in the area. They are 
mainly composed V3f giotitegniess and J^harnoGkitoa aj^ ^^ '-lnaslc 
intJTusives* Chamocklt^s ace the predominant rock type* 
mostly massive showing s<xoe Jaint foliation in the North 
Eastern part. 
Based on the lithological and electrical logs of the 
boreholes drilled in this area» a sub-surface geological 
cross section along the coastiline from JSdakazhiyur to Eriad 
has been made (Fig 5 X Most of the area is covered by 
esturine« lagoonal/ alluvial deposits composed of block clays# 
beech sands and red teri sands. They are underlain by 
thick deposits of sani-consolidated upper Tertiary sediments. 
The thickness of sediment is almost unifozrm north to south 
though it increases from east to west. A continues zone of 
ferrugenoos laterite varying thickness from 3 to 6 mts 
can be taken as the marker horizon sperating the recent 
deposits above upper Tertiary Sediments below. The area 
between perinjanafn and Edakazhyur it occurs between 14 m and 
12 m b.g.l. Exploratory drilling for groundwater has proved 
that the thickness of the upper Tertiary sediments^con^osed 
of sand# gravel, clay, carbonaceous clay marl and lignite,is 
in the order of 40 to 55m. "il^ey are deposited on a westward 
sloping crystelline basement ibadd up of biotite gneiss.^e slop< 
Fig.6 S U R F A C E : GEOLOGICAL MAP OF C H A W G H A T CO A ST 
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of the basement I s in the order of 1 in 120* The out crops 
of Crys te l l ine rocks in the inland margin of the area« include 
b i o t i t e gneiss and charnockite vftiich are intruded by d o l e r i t e 
dyke. 
C H A P T E R - IV 
HYDRCX3B0L0GY OF THE AREA 
Hydrogeological ly Kerala provides a congenial s e t up 
£or the occurrance and development of groundwater. Vast 
reserves of groundwater occur under d i f f e r e n t subsurface 
environs in the s t a t e . Of these the coastal so f t rock-
iedimentaries-formation constitutes an important system. 
The coastal terraia which supports a very high density of 
the population in the state can depend this system to a 
considerable extent for i t s day to day needs of fresh-water. 
Attempts for esqploiting groundwater Potential i s t h i s area 
started as early as nineteen f i f t e e s . The wells were dr i l l ed 
and maintained by £rst%Aiile water works divis ion of Public 
works Department for providing drinking supply. Included 
under their regional exploration programmes the BrstvAiile 
Exploratory tubewell organisation and Geological survey of 
India had carried out some regional studies in this part of 
the s tate during the year 1950 to 57. However^ these studies 
were not followed up by detailed studies . The state 
Groundwater Department and central Groundwater Boards Govt, of 
India had in i t ia ted studies in 1970*s. 
On the basis of seismic velocity characterist ic , the 
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coastal belt can be devided into three blocks^ namely* the 
southern* the central and the northern blocks (R.N, Bose and 
T.p.G, Kartha , 1980). In the southern block only one major 
sedimentary sequence* the Xertiaries is indicated above the 
basement. The Tertiaries are elther exposed cs: lie under 
a thin cover of recent formations. In the central block* 
extending between Kaininagapally in the south and Periyar 
river in the north* the Tertiaries are indicated to underlie 
a thick column of younger formation* possibly of Pleistocene 
age. Sediments xinder this group have a maximum thickness of 
about 90m.iBarthe coast. This group of sediments is overlying 
by the recent 9^^ and clays* having a maximum thickness of 
about 30 m near the coast. In the northern block extending 
towards north^ of Periyar river* a thin layer of Tertiary 
overlying by the guartemery formations. The total thickness 
of sediments in tills block varies from 40 to 100 m. 
Fig. 7 shows the general hydrogeology of the Trichur 
district* 
kLXwrtvmt 
The uuartemary alluvium forms potential aquifer along 
the coastal belt. Groundwater occurs \mder phreetic conditions 
in this area. The alluvium essentially comprises of sands* 
clays and silts and is extensively developed by a number of 
dug wells and filter point wells to meet the domestic needs. 
23 
l^e thickness of this formation varies from 12 to 21 rats. 
The dugwelXs range in depth from 4 to 6 m. Depth to water 
level during_pre-monsoon period ranges from 0.25 m to 5»00 m. 
Most of these are draw wells and a few are fitted with small 
capacity centrifugal pumps. Data gathered and pumping test 
results iodicate that these wells can sustain 2 to 3 hours 
pumping generally and for 1 to lij hour during Stimmer months. 
3 
The yield from the wells is generally 15 to 30 m /day. 
In t)he study area around Chawghat and Bdakazhiyur tlmre 
are a number of filter point wells in operations to meet 
the needs of domestic requirements and ice factories*. A few 
of these are also used for irrigations. The filter point 
wells are in the depth range 6 to 10 m. with slotted length 
of 1 to 3 m. at the bottom. 
Lat^rit*: 
Lateriterbeing a highly porous rock acts as good 
aquifer« but due to the same nature, the groundwater in them 
drains off particularly along the h i l l s and s lopes . Laterite 
i s extensively developed by open dug wells to meet the 
domestic needs. Wells located in the valley portions are used 
for irrigation to a limited extend. The depth of the wells 
in tsk» l a t er i t e s ranges from 9.3 to 19.0 ra and the depth to 
water level in these wells very from 6.35 to 10.04 m in the 
pre-monsoon period. The yield of wells ranges from 60 to 120 
24 
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m /day. W«IIs located in the valleys generally have heigher 
yields. Wells located in the slopes and in heigher grand 
get dry or have very, little water daring suomer months. 
Tttrttary S^diaentst 
Groundwater occurs under unconfined to seiniconfined 
conditions in the Vaikom . beds constituting the Tertiary 
sediments. The aqui£er material comprises o£ very course 
grained sand and gravel, clay, etc. Data of these boreholes 
Pe ri n1anam drilled at Edakazhiyar, Nattika and during earlier 
years under the e^loration programnoe have indicated presence 
of the granular zones in the Tertiary. The basement rock 
is encountered within a depth of 75 to 80 ra. l^e conabined 
thickness of the granuler material vary from 8 to 30 m. The 
2 
transmissivity of these aquifers ranges from 22 to 105 m /day 
— 3 »4 
and the storativity ranges from 1.02 xlO to3.6xl0 • 
Occorrence and Movement of Groundwater t 
Groundwater in the area occurs underunconfined, 
semiconfined and confined conditions. In the Recent and 
sub»recent deposits groundwater occurs under water table 
ccnaditLons. Groundwater is developed by means of dug wells 
in these formations for domestic water supply. Threw 
potential confined aquifer separated by beds of clay have 
been proved in the upper Tertiary sediments. Though on a 
regional scale aquifers seem to be inter-connected, the 
25 
individual character of each aquifer is maintained over a 
long distance. In this Tertiary deposits the groundwater 
occurs under sarai-confined to confined conditions. 
The Recent and sub-recent formations are mainly 
composed by beach sands and Laterites. The upper Tertiary 
sediments are cotnposed of sand# gravel* clay« Carbonaceous 
clay itiarl and lignite , They are deposited on the 
westward sloping crystalline basement formations. 
The main source of recharge to the aquifers in the 
coastal belt is the downward percolation of water from 
precipitation. Recharge to the Tertiary aquifers taXes place 
along the Inland margin of the coastal plain. A shallow 
body of fresh groundwater is present in the becich deposits 
all along the coast, to the west of Hie back water channels* 
vAiich is pr<^ably recharged locally only. 
D«ptfa to w f r t<bl«8 
The depth to water table in the area shows variati(»is 
on the account of xindulating nature of the terrains. 'Axe 
depth to water table is shallowest in the coastal area and 
increasing depth towards the midlands. In the coastal 
alluvium depth to water level during pre-monsoon period 
ranges from 0.25 m 5.76 m. Depth to water table in laterites 
26 
rang* £rom 6.35 to 10.04 m in the pra-raonsoon period. 
Moy««ent of Qrouodwters 
Water level data of the observation wells Collected 
during August, 1989 and April« 1990 were analysed and the 
attitudes of the water-level with reference to mean sea-level 
were worked out. All the observation- wells were surveyed 
and connected with the survey of India Bench marks wherever 
available. The elevation of the water table with reference 
to the mean sea-level were plotted on a map and a water 
table contour map was prepared with a contour intervel of 
1 meters (Figt 8 & 9)• The elevation of water table during 
pre-monsoon ranges from 3 meters in the east to 0.25 meters 
in the west near the Arabian sea. In a water table contour 
map« convex ^  contours indicate regions of Groundwater 
recharge* while concave contours are associated with 
groundwater discharge. (Todd. D.K. 1980). The hydraulic 
gradient varies from .03 ivOcm to 4 n^m. It is steeper in the 
south eastern part and northern part in the post-monsoon 
season. During the pre-monsoon period the hydravilic gradient 
is very low between Chawghat and Nattika. The general 
groundwater flow direction is east to vest. 
The slope of the water table is from east to west 
following the surface topography* which incidently happen to 
be the direction of regional groundwater flow. 
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Waf r ! • • • ! flactttaticMist 
The water level f luc tua t ions takes pLice due to seasonal 
changes^ recharge. Inf luent and ef f luent seepage, d ra f t and 
other l o s s e s . 
A t o t a l number of 36 network observation wells were 
es tab l i shed in the area and the water level da ta monitored 
pe r iod ica l ly for the ffl^nsoon, post ^^ ^^  pre-naonsoon periods 
from 1989 to 1990 i s given in the Table ( 1 ) . The 
liydrographesof se lected wells in the area are shown in the 
f i g . 10. 
From the study of the data and hydrographs, i t i s 
observed tha t there are two periods in a year v i z . recession 
and recharge. The s t a b i l i z a t i o n in the recession i s cdaserved 
to commence a f te r the attainment of peak water level during 
south->west monsoon period from June to September* The 
contr ibut ion from North-east monsoon i s a c r i t i c a l factor 
i n sus ta in ing the system. The actual recession period 
commences in Deceoober and continues t i l l the on-se t of 
South-%»est monsoon in June. The recharge period conniences 
from June. 
<»>»Tvatlon Network» 
•ttie general groundwater condit ions in the Chawghat 
region of Tricborcoastal b e l t has been studied through 36 wells 
2S 
spread over the coast. For detailed study o£ groundwater 
levels and its fluctuation pattern a network permanent 
observation well were established and the locations of these 
wells are shown in Figt 1 and Tabid ( 1 ) . The permanent 
observation wells were choosen on the basis of one well per 
4 to 5 sq. km. Regular monitoring of water levels and 
water quality parameters have been taken during 1989 to 1990. 
The wells were regularly monitored for water level and water 
quality during the season of pre»monsoon (April-Hay) monsoon 
(July-August) and post-monsoon (January-December)• Factors 
like proximity to the sea and various surface water bodies* 
potential pollution sites etc were considered ti^ ile fixing 
the net work of observation wells. 
Patfra of Depth to water table variation in the coastt 
The io^ortant factors affecting the depth to water level 
variation of this coastal tract are: 
(i> Slevation of observation well 
(ii) Proximity to svirface water bodies 
(iii) Presence of Laterite/Sand stone formations 
The area can be divided into two stretches based on 
the pattern of depth to water table. These are: 
(1) Andathod - Chetwai stretch 
(2) Chetwai - Valappad stretch 
Fig; 10 
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1 . Andathod - C h e t w l •tr«t<ai: 
The s p a t i a l d i s t r i b u t i o n o£ depth to water level along 
Andathod • Chetwai s t re tch during l989'-90 are shown i n the 
TabI© ( 1 ) • 1^ 113 indicate the deptii to water l e v e l 
v a r i e s between 0.20 to 6 .3 mts. Depending on the magnitiujle 
of Groundwater l e v e l f luctuat ion , broadly 4 zones can be 
i d e n t i f i e d and thy are shown in f i g t They have average yearly 
r^^n f luc tuat ion of 0,75, 1.5, 2.5 and 3 . The f igure (13) 
indicate;^that d e p ^ to water l e v e l becomes deeper towards 
l a t e r i t e formation and shallow towards c o a s t . 
2 . Qietwal » Valappad s t re tch t 
Ttie s p a t i a l d i s t r ibut ion of depth to water l e v e l along 
Chetwai-Valappad s tre tch during 1989-1990 are sho%m i n 
TEible ( 1 ) • This ind ica te that deptii to water l e v e l 
v a r i e s between 0.31 to 5.8 mts. Depending on the magnitude 
of groundwater table f luc tuat ion , broadly four zones can be 
i d e n t i f i e d along t h i s coas ta l s t re tch and they are shQwn in 
Fig (12) • They have the average yearly mean, f luc tuat ions 
(14) 
Of 0 ,75 , 1 .5 , 2.5 and 3 . The f i g u r e / i n d i c a t e that depth t o 
water l e v e l becomes deeper towards l a t e r i t e formation and 
shal lower towards c o a s t , 
P igj 11 shows the long term var ia t ion in the f luc tuat ion 
i n the s e l e c t e d w e l l s . The f i g s 12 shows the tei^poral var ia t ion 
of water l e v e l s during 1988 and 1989. 
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KxploratlOD and Exploit*tioo of Grouadw^f rt 
Water scarcity is mxdti felt in the suoxoer both for 
irrigation and drinking purposes especially from January to 
early June« vi^n the open dug wells in the coastal areas of 
Chawghat region gets dried up.systematic hydrogeological, 
investigation provide indications of vast groundwater resources 
confined to certain structurally week zones in the easteirn 
portions of Chawghat region. 
According to Groundwater Department (1988) Deep 
bore wells to a depth of 75 to 100 mt having an over bunlen 
of 30 m can be constructed in proper Guravayur and the western 
most portions of Guruvayur township areas. Shallow tubewells 
having a depth of 45 to 55 mts from groxuid level is suggested 
in Chawghat area, although the pollution of water due to 
salinity is expected in certain pockets. Filter point wells 
upto a depth of 12 m from ground level are also productive 
in Chowghat areas. 
Bore well constructed at Chawghat is met with saHne water* 
the hard rock encountered at 46 m from ground level* Now 
drinking water is being supplied to Chawghat from Guruvayur 
tanks for which the source is Barathapuzha. A large nuiober of 
filter point wells of depth 10 to 13 m can be constructed at 
Chawghat region to augment the water supply. As clay is 
met at 10 to 12 m. Shallow filter point well is sufficient. 
Deep bore wells/ tubewells are not feasible due to saflse water 
C H A P T E R - V 
GROUND WATER BALANCE 
Groundwater development a c t i v i t y has increased 
considerably during the l a s t few decades along the coasta l 
b e l t . The groundwater Balance along the Coastal b e l t of 
Chawghat region of Trichur d i s t r i c t has been estimated from 
the recorded water l e v e l f luc tuat ion data obtained from the 
observation we l l network spread a l l along the c o a s t . The 
c o a s t a l region can be divided i n t o two s t re t ches and are: 
1 , Andathod - Chetwai Stretch 
2 . Chetwai - Valappad Stretch 
Detai led study in the f i e l d ind ica te that these 
s t r e t c h e s can be subdivided i n t o four d i s t i n c t groundwater 
l e v e l f luc tuat ion zones Fig (13 M i4)with average year ly 
mean f luc tuat ion of 0.75«1.5« 2.5 and 3.00 metres as shown 
i n f i g i (13 & 1 4 ; . 
Estimation of gro\indwater a v a i l a b i l i t y i n the above 
zones can be made by the s p e c i f i c y i e l d method. For t h i s the 
mean groundwater l e v e l f luc tuat ion within the area over v^ich 
these mean f luc tuat ions occur and the assumsd s p e c i f i c y i e l d 
of 0.20 (CWRDM, 1989) . I^e u t i l i z a t i o n of groundwater in the 
above mentioned fo\ir zones are f ind out by mult iplying well 
32 
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density of 153 wellsAro with an average draft of 2500 litres/ 
day/well (CWROM; 1989) and the corresponding area of the zone 
calculated from the figure by leaf are metres. 
The hydrologic equation^ which is basically a statement 
of the law of conservation of matter as applied by hydrologic 
cycle helps to define the water balance. It states that in 
specific period of tinoe all water entering a specific area 
plus/minus change in storage within the area. In case of 
groundwater system the water balance in the simplest form 
may be expressed.ass 
- 0 
I 
0 
a 
« 
at 
+ s 
Inflow 
Outflow 
Where 
^ S " Change in storage 
In order to determine the stage of ground water 
development is the study area NABARDf.s norms.has been 
taken into account vftiich is as followst 
Stage of groundwater « vr'2^5^?^^i?K?f*t^^k^,.^^ 3c 100 development Net recoverable recharge 
An area with development less than 65^ is considered 
'white'« 65 to 85^ 'grey* and more than 85X development as 
dark. 
r i g : i 3 GROUNDWATrK FLUCTUATION, ftVAILABll.lTY AN D STACf OF DEVELOP MENT 
ALONG, A N D A T H O D E - CHETWAI STRETCH O F . C H A W G H A T COAST 
o 
SCALE 
4 Km 
/(m»ttira 
SYMBOL 
l l ' l ' l ' l i ! ! 
liJiJIllIlJMJJ 
HIT fiirrrm 
AVERAGE YEARLY MEAN 
FLUCTUATIONS IN M. 
0 73 
1 5 0 
2 5 0 
3 0 0 
GROUNDWATER 
AVAILABILITY IN M.C.M 
1,56 
8 oe 
23 41 
12-39 
AREA IN SM.Km. 
\0M 
29 fiO 
46 61 
21-65 
STACE OF 
DEVELOPMCh 
93 7o 
47 7o 
2 8 % 
2 37o 
F i 5 : t 4 GROUNDWATER FLUCTUATION, AVAILABILITY A N 0 STAGE OF DEVELOP M FNT 
ALONQ CHETWAI-VALAPPAD STRET CH OF C HAWCHAT COAST 
SCALE 
4Km. 
Kanh 
-r-rrnci 
re t 1»J--^ — 
SYMBOL 
rrrnnn 
mimiiifliiiii 
i i i i i i i i i 
AVERAGE tEAnLYMCAN 
FLUCTUATIONS IN M 
0 T3 
1 JO 
2 - 5 0 
5 OO 
GnOUMOWATEl 
AVAIL ABILIrV IN M.C.M 
3 - 7 e 
• 65 
1 8 - 5 1 
AREA IN 
S<) Km 
2 5 - 2 2 
3 2 - 14 
3 7 - 3 6 
I I - 2 « 
STAC.E OF 
DEVELOPMETN T 
9J % 
4 7 % 
2 t % 
2 3 V. 
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The d e t a i l e d s t u d i e s on a v a i l a b i l i t y , balance and 
s tage of develo^xoent In the d i f f e r e n t zones of each s tre tch 
are as follovfst 
Andatho^«<a>etwai atretcht 
Zone-I 
Area of Zone I In the 
Andathod-Chetwal s t r e t c h 
10.42 sq.lon. 
Average yearly mean 
f luc tuat ion In the 
Zone-I 
0»75 meters 
Assumed specific yield 0.20 
Hence estimation of ground 
water availability 
10.42 X 0.75 X .2 
1«56 HCH 
Assumed well d e n s i t y 
Assumed draf t 
153 wel l s / sq .km. 
2600 l i t / d a y / w e l l 
Estimated annualdraft 
Estimated water balance <• 
Stage of ground water • 
development 
I t f a l l s In dark category 
10.42 X 153 X 2.5 x 365 
1.45 MCM 
1.56 - 1.45 
0.11 MCM 
X^tl^xioo 93% 
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2one-II 
Area of zone->ZI in the 
Andat^od-Chetwai s tre tch 
Average yearly mean 
f luctuat ion i n the 
zone 
Assumed s p e c i f i c y i e l d 
s 29.6 sq.km. 
1.50 aeters 
0.20 
Hence estimation of ground 
water availability 
Assumed well density 
Assumed draft 
Estimated annual draft 
Estimated water balance 
29.a X 1.5 X . 2 
8.88 J^ M 
153 wells/sq«km. 
2500 l e t e r s / d a y / w e l l 
29.6 X 153 X 2.5 x 3.65 
4.13 MCH 
8.88 - 4.13 
4.75 MCM 
Sta^ of groundwater 
development 
It falls in white 
category 
« 4.13 
8.88 
• 41% 
X 100 
Zone-I l l 
Area of zone 3 in the 
Andathod-chetwai 
s t re tch 
46.81 sq.km. 
Average yearly mean 
f luc tuat ion 
» 2.5 meters 
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Assumed s p e c i f i c y i e l d 0*20 
Hence estimation of groand 
water availability 
Assumed well density 
Assumed draft 
Estimated annual draft 
Estimated water balance 
Stage of groundwater 
development 
It falls in v*iite category 
4 6 . 8 1 X 2 . 5 X 0 . 2 
23 .41 MCM 
153 w e l l s / s q . k m , 
2500 l i t e r s / d a y / w e l l 
4 6 . 8 1 X I 5 3 x 2 .5 x 365 
6 . 5 4 MCM 
23.41 - 6 . 5 4 
1 6 . 8 7 MCM 
.6 .54 
23 .41 
2 ^ 
xlOO 
Zone - IV 
Area o f zone IV i n the 
Andathod - Chetwai s t r e t c h 
Average y e a r l y mean 
f l u c t u a t i o n i n t h e zone 
Assumed s p e c i f i c y i e l d 
Hence^ e s t i m a t e d grovmdwater 
a v a i l a b i l i t y 
Assumed w e l l d e n s i t y 
Assumed d r a f t 
Es t imated annual d r a f t 
» 21 .65 s q . km. 
» 3 . 0 0 meters 
« Q.20 
=« 2 1 . 6 5 X 3 X . 2 
= 1 2 . 9 9 MCM 
« 153 w e l l s / s q . Jan. 
a 2500 l i t e r s / d a y / w e l l 
• 21 .65 X 153 X 2 .5 x 365 
« 3 . 0 2 MCM 
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Estimated water b a l a n c e « 12.99 - 3.02 
Sta^e o£ groindwater 
development 
9,97 MCM 
j | ^ | | - x l O O = 23% 
I t f a l l s i n the vAiite ca t ego ry 
Chat i f l - Valappad S t r e t c h ; 
Zone-I 
Area of the zone^I i n 
the Chetwad-Valappad s t r e t c h 
Average y e a r l y mean 
f l u c t u a t i o n i n the zone 
Assumed s p e c i f i c y i e d l 
Hence« e s t i m a t i o n of ground 
water a v a i l a b i l i t y 
Assumed wel l d e n s i t y 
Assumed d r a f t 
Es t imated annual d r a f t 
Es t imated water ba lance 
S t a ^ of groundwater 
development 
25.22 sq.km. 
0.75 meters 
0.20 
25.22 X 0.75 x .2 
3.78 MCn 
153 w e l l s / s q . k m . 
2500 l e t e r s / d a y / w e l l 
25.22 X 153 X 2.5 x 365 
3.52 MCM 
3.78 - 3.52 
0.26 MCM 
3.52 
3.78 
93% 
•xlOO 
I t fa l l s in the dark category 
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Z o n e - I I 
Area of z o n e - I I In the 
Chetwai-VaXappad s t r e t c h 
Average y e a r l y mean 
f l u c t u a t i o n 
Assumed s p e c i f i c y i e l d 
Hence# e s t i m a t i o n o f groundwater 
a v a i l a b i l i t y 
Assumed w e l l d e n s i t y 
Assumed d r a f t 
Es t imated annual d r a f t 
Es t imated water Ba£'ance 
Sta^e of groundwater 
development 
I t f a l l s i n %ihite c a t e g o r y > 
3 2 . 1 6 sq.km. 
1 . 5 meters 
0 . 2 0 
3 2 . 1 6 X 1 . 5 X 0 . 2 
9 . 6 5 ^ M 
153 w e l l s / s q . k m . 
2500 l e t e r s / d a y / w e l l 
32 .16 X 153 X 2 . 5 x 365 
4 . 4 9 MCH 
9 . 6 5 - 4 . 4 9 
5 . 1 6 MCM 
4 . 4 9 
9 . 6 5 
47?i 
xlOO 
Z o n e - I l l 
Area of zone I I I i n t h e 
Chetwai-Valappad S t r e t c h 
Average y e a r l y mean 
f l u c t u a t i o n i n the zone 
Assumed s p e c i f i c y i e l d 
Hence* e s t i m a t i o n of ground 
water a v a i l a b i l i t y 
« 3 7 . 3 6 sq .km. 
» 2 . 5 meters 
• 0.20 
» 3 7 . 6 X 2 .5 X . 2 
» 1 8 . 6 6 MCM 
Assumed w e l l d e n s i t y 153 w e l l s / s q . k m . 
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Assumed draft « 2500 l e t e r s / d a y / w e l l 
Estimated annual draf t « 37,36 x 153 x 2,5 x 365 
« 5.22 MCM 
Estimated water balance a 18.68 - 5.22 
Stage of groundwater 
development 
= 13.46 MCM 
5.22 
I t f a l l s in white category 
18.68 
28^ 
xlOO 
Zone - XV 
Area of zone IV i n the 
Chetwai - Valappad s t r -
etch 
Average yearly mean 
f luc tuat ion in t^e zone 
Assumed s p e c i f i c y ie ld 
Hence* est imat ion of ground 
water a v a i l a b i l i t y 
Assumed well dens i ty 
Assumed draft 
Estimated annual draf t 
Estimated water balance 
Stage of groundwater 
development 
s 11.26 sq.km. 
» 3 .0 meters 
« 0.20 
- 11.26 X 3 , x 0 .2 
« 6.76 MCM 
« 153 wel l s / sq .km, 
« 2500 l e t e r s / d a y / w e l l 
» 11.26 X 153 x 2,5 x 365 
« 1,57 MCM 
« 6.76 - 1.57 
« 5.19 MCM 
_ U 5 1 
-xlOO 
6,76 
23^ 
I t f a l l s i n white category 
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In the first zone of the both stretches vAiich is 
situated near the shore* the stage of grounwater development 
is 93%, This is led to a serious attention. In the other 
zones the stage of groundwater development is less than 5C^ 
so far there is large groundwater surplus available for the 
further development, FigC 13 & 14 ) shows the groundwater 
availability along the Andathod-Chetwai stretch and Chetwai-
Valappad stretch. 
C U A P T B R - V I 
HICDROCHBMISTRY 
Water i s one o£ our basic natural resources. An 
understanding of the quality of water i s most important for 
evaluating i t s usabi l i ty in agriculture/domestic and industrial 
water supply, Ttxe chemical and biological characters of 
water determine i t s su i tab i l i ty for various purposes. The 
exist ing chemical composition of surface water and groundwater 
i s related to the environmental conditions in general^ and 
geological , pedk^logical and topographical conditions in 
particular* 
The water saoqples for present study were col lected 
from botli surface and ground sovirces in the Chawghat region. 
Thirty three Hydrograph stations have been sampled during the 
post^roonsoon period and pre-monsoon period of 1989-1990. The 
temperature, e l ec tr ica l conductivity (B.C.) and pH of the sample 
were determined in the s i t e . Another group of sao^les for 
the determination trace elements were also col lected in 
seperate bot t les and were treated with 10 ml 6HNo .^ 
Analytical Techniques» 
The samples for detailed chemical analysis (major and 
minor constituents) were analysed as per standard methods 
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reconmended by APHA (1975), Jackson M.L. CI985} and Trivedy 
R.K., 0«ol P.K. (1904}. 
Volumetric Techniques used for the determination of 
a l l the major ions except sodium and potassium. Soddiiua* 
potassium and a l l the t race elements were determined by 
Atomic Absorption spetrophotometer• A blank san^le was 
made for each spectrophotometrie analysis in order to account 
for any ana ly t ica l and instrumental error* 
Major e le ienta and R#dicals; 
at 25* E l e c t r i c a l conductivi ty (E.G. microndios/cm ) 
E l e c t r i c a l conduct ivi ty i s a roeassurement of wate r ' s 
capaci ty for conveying e l e c t r i c , c u r r e n t and i s d i r e c t l y 
r e l a t e d to the concentration of ionised substance in the water. 
I t i s the measure of mineral isat ion and i s ind ica t ive of the 
s a l i n i t y of groundwater. 
The e l e c t r i c a l conductivi ty (E«C.) of the col lec ted 
samples analysed wiUi the help of potable water analysis k i t . 
In the study area the e l e c t r i c a l conductivi ty var ies from 
110 to 28,400 micrc»pbo»/cm a t 25*0. In the Pre-monsoon period 
the e l e c t r i c a l Conductivity values are high, mainly near the 
shore and surface water bodies . F ig . (15) ind ica te t h a t the 
values are increasing towards the coast and the back water 
systems. 
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Hydrogaaa ion concentratl<M> ivH) t 
Hydrogen ion concentration in water is the logarithmic 
reciprocal of their weights measured in grams per litre of 
water. The pH value of acidic water varies from 0-7 and 
that of alkaline water between 7 and 14« while neutral water 
has a pH value of 7.0. Mostly the fresh waters have a pH 
value of 6-8. 
The pH value of the area is ranging from 6 to 8.5« 
indicate slightly alkaline nature of the water. While most 
of the values are well within the permissible limit for 
potable water. 
Chlorides: 
Sodium and Calcium Chlorides are found in natural 
water, but are harmful to fish in high concentrations. The 
chloride content in drinking water is generally not harmful 
to human being until a high concentration is reached. Althoo^h 
chloride may be injurious to people suffering from diseases 
of heart or kidney. Indian Council of Medical Research (1974) 
while recomending 200 ppm as desirable limits of chloride 
in potable waters has also laid down 100 ppm as maximum 
permissible limit where no other alternative source is 
available. 
The Chloride concentration in the study area ranging from 
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28 ppra to 9194 ppm. Quality map has been prepared (fig$l6). 
As it is evident from the illustration that the chloride 
concentration is increasing toward the coast and surface water 
bodies. 
Bicarbonate* 
Bicarbonate concentration in the area varies from 6.1 
ppm to 213.5 ppm. During the pre-raonsoon period the bicarbonate 
concentration is high in the wells situated near the coast 
and backwater systems. 
Total Hardness* 
The hardness is usually caused by Carbonates, Sulphates* 
Chlorides and nitrates of Calcium and Magnesium* The 
hardwater is not unfit for drinking purposes unless the hardness 
is exes si ve but it consumes more soap in loundries and forms 
deposits (boiler scale) in boilers. Too soft water is 
tasteless* 
Water have been classified as hard or soft according 
to their action on the.soap. The less amount of soap is 
consumed to produce leather the softer the water. Hardness 
is expressed in terms of Calcium Carbonate* on the basis of 
vihich the following classification is used. 
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1 . Less than 50 mg/l . sof t 
2. 50 to 100 mg/l - nioderatly sof t 
3 . 100 to 150 mg/l - s l i g h t l y hard 
4 . 150 to 250 mg/l • raoderatly hard 
5. 250 to 350 mg/l - hard 
6* More than 350 mg/l - excessively hard 
While hardness i s caused only by ca t ions such as 
calcium and magnesium solut ions and consequently i s independent 
of the anions in the solution* 
The hardness in the study areavar ies from 45 ppm 5180 
ppm. The high hardness i s due to the influence of the Surface 
water bodies vAiich are carrying sa l ine water during sijunmer 
season* 
Sodlma» 
The most important water quality aspects of Sodium 
is the possibility of changing the permeability of soil. 
Sodium is present in all natural waters, sodium concentration 
in drinking water around 200 ppm may be harmful to persons 
suffering from Caridiac and renal diseases pertaining to 
circulatory system, sodium concentration in the study 
area ranging from 11*4 to 816.6 ppm. The heighest concent-
ration of sodium was recorded near the coast and back water 
bodies during pre-monsoon season. 
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Potassium; 
The coQcentratlon o£ potassivun i s generally low in 
groundwater* Potassliira Salts cure therepatlc value in the 
treatment of familiar periodic paralysis while no desirable 
or excessive l imi t for Potassium seems to have been s e t . 
The Potassium concentration of the area varies from 3*2 to 
156 ppm. 
CaXciumi 
Calcium is an essential element and human body requires 
0.7 to 2.00 gram per day. The absence of Calcium in very 
soft waters has been considered responsible for rickets, 
decayed teeth etc.« while hard waters having high ccdcium 
concentration may add to urinary disorder etc. The limits 
of calcium in drinking waters are not based on health 
consideration as even waters having 100 ppm of calcium is 
harmless. 
The Calcium concentration in the ground water of the 
study area ranges between 6 to 661.32 ppm. The heighest 
values are recorded near the coast and the back water system. 
rr|fiTff|T-r 
Magnesium i s comaaat moderatly toxic element and i s 
found in almost a l l water supplies. I f high concentration of 
Magnesium i s cosabined with Sulphate a laxatine e f fec t results . 
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therefore some caution must be exercised with It. Magnesiura 
is also a constituent of Hardness. The permissible limit 
of Magnesium content for drinking water purpose varies from 
50 to 200 ppm (W.H.O.). 
The Magnesium concentration in the study area ranges 
from 3.65 to 526 ppm. The wells located near the coast 
and surface water bodies showing a high values. 
Total Dissolved Solids (TDS)s 
The importance of dissolved solids and Chlorides as 
they effect water quality hinges upon their tests and 
taxative properties. The dissolved Solids in natxiral water 
consists mainly of Bicaibonates* Chlorides^ Sulphates 
and possibly flurides and titrates of Calcium, HagnesiU/ 
Sodium and Potassium with traces of Iron, manganese and 
other substances. The permissible limit 500 to 1000 ppm, but 
these should be preferably less than 500 ppm. 
The concentration of total dissolved solids in the 
study area ranges from 51.76 to 18,374.8 ppm. The fig (15) 
represents that the total dissolved solids are increasing 
towards the coast and the back water bodies. 
Trace ele—nf t 
For every metal %iiich man make use of in the modern 
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technological s o c i e t y i s a po ten t ia l source of po l lu t ion of 
the b iosphere . Further roore« the m u l t i p l i c i t y of the indus tr ia l 
process g ive r i s e t o a cDntlQUb&msly ch^inging pattern of 
d i s t r i b u t i o n for each element in the biosphere creat ing in 
turn t h e i r on c h a r a c t e r i s t i c e c o l o g i c a l consequences. 
Indus tr ia l e f f l u e n t s and wastes discharged i n t o coas ta l 
water are ofcourse eventua l ly dispersed and d i l u t e d i n the 
ocean. These waste water d i s p o s a l s are i n d i r e c t contact with 
the coas ta l aquifers# v^ich are general ly shallow and 
unconfined w i l l recharge to the ground water systems. In 
p o l l u t e d coas ta l waters^ undoubtedly^ there i s a p o s s i b i l i t y 
of concentrat ion of t o x i c elements %dthin the food chains 
i n the marine echo-system. 
Water samples from the surface and subsurface water 
bodies have been analysed for the determination of Z\x, Pb, 
Cd# Co, Hi, Fe, Cu, Sr, Cr, Hu, i n the study area. The 
samples have been c o l l e c t e d during the pre-monsoon and 
analysed for the water q u a l i t y . 33 observation we l l s are 
sampled during 1989-90 for t h i s purpose. 
(Pb)» 
Lead has been used by man s ince the ear ly years . Lead 
u s u a l l y occurs e i t h e r as sulphide or oxide or Carbonate 
compoonds of i r o n , z i n c , s i l v e r . Copper, go ld , cadnaium, 
antinany, arsenic , bismuth and other metals may be associated 
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In various proportions. 
Lead Is highly toxic to humans and may originate In 
water from contact with the ground from the Industrial wastes 
and water piping Itself. In the, sea-water the lead content 
Is generally 3.5 ppm. This will effect the coastal 
groundwaters and surface water. Lead Is a cumulative poisons 
and has been known to cause a disease called plunblsm. Source 
of lead accumulation Include clgeret smokes, autoraaoblle, 
IC Engine exhausts and sane foods* 
* 
The effects of lead In biological forms also quite 
varied. In vectlbrate animals, lead Is a cumulative poisons 
which typically concentrates In bones. It Is estimated that 
human consume on the order of 0*33 mg of lead dally In their 
diets. (.nSFHS(1970) drinking water standard limits of leads 
Is 0.05 ppm. Whereas the W.H.O. (1971) shows a maximum, 
allowable concentration of L^ad In drinking water as 0.1 mg/1. 
The lead concentration In the study areavarles from 
0.09 to 1.14 ppm ppm during the pre-roonsoon period* Wells 
situated over the coast, back water bodies and some «nall 
scale Industries are showing high value of lead content* 
CadMiim (Cd); 
Cadmium Is relatively rare element, most of It occurred 
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with z i n c In ores* s o i l s and minerals . Cadmlxira I s obtained 
as by product In re£lnlng z inc and other metals . However, 
i t I s d i f f i c u l t t© seperate z i n c and cadmlxim, the l a t e r I s 
o f ten found in small amounts In commercially 
ava i lab le Zinc Compounds. Ever s ince man s tar ted to produce 
metals« he a l so s tarted to p o l l u t e the environment with 
Cadmium. Now a vdays the cadmium and Cadmium Compounds have 
been used Increas ingly by i n d u s t r i e s causing sharp increase 
i n Environmental Contamination. The cadmium content in the 
study area ranges from 0.008 to 0.451 ppm. The higher 
concentrat ions are recorded near the banks of back water bodies 
and the c o a s t . The concentration i s a l s o high near e l e c t r o -
p la t ing and metal indus tr i e s s i t u a t e d i n the study area. 
ChromiuBn (Cr) i 
Chromium i s present in the earthcrust to tiOs ex ten t of 
about 0.04 percent* The t o x i c i t y of Chromium i s d i s t i n c t l y 
dependent upon i t s form. The metal form cr i s extremely 
ccxamon but v i r t u a l y i n e r t vrtiereas the hexavalent ion 
Cr i s extremely tox ic • chromium i s an e s s e n t i a l trace 
metal for human meta)aolism. In t h i s respec t i t i s s imi lar 
to other metals \i^lchare known to be b e n e f i c i a l l a low 
concentrat ions and harmful at heigher concentrat ions . 
Chromium compounds are very useful and are rather widely 
concentrated i n industry . I t i s an important a l l o y metal in 
s t e a l making and s t a i n l e s s s t e e l production. 
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In the study area the concentration of Chroral\im ranges 
from 0*012 ppm to 0.265 ppm. The maxium concentration is 
recorded in the groundwater sample of open dug well near 
Chetwai. 
Manqanes* CMn)t 
Manganese is relatively coainon metal occuring in the 
earths crust at sufficiently higher concentrations. It 
occurs in a number of different ores. Most of the Manganese 
used in the iron and steel industry. Jlanganese is highly 
toxic to humans but not at concentrations normally found in 
water and in a chemical sense is very similar to iron. 
Manganese removal^ however, is much more difficult. 
The W.H.O. (1971) recommended a maximum of 0.5 mg/1 
of manganese concentration In drinking water* Jo the study 
area manganese concentration varies from 0.003 to 0.703 ppm. 
Higher concentrlitions are recorded near the surface water 
bodies and the coast. 
Mlclc«l (»i)t 
Nickel found in the environment is industrial rather 
than natural in origin. There has been no report of wide 
spread damage to environment by nickel Compoimds. 
Nickel is not considered harmful to man in harmful 
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concentrations. Ho USFHs limit £or nickel in drinking water 
has been established* It is however, Aoderately toxic 
to aquatic organisms and can be very toxic to plant life, 
depending on its chemical form. 
One of the most conmon exposure to nickel coiopounds is 
that resulting from electroplating with nickel and the most 
wide spread problem is the production of a dermatitis popularly 
know as "nickel itch? some persons even suffer from contact 
with nickel plated objects with the subsequent development of 
nickel dermatitis. 
The nickel concentration in the study area ranges from 
0.013 to 0. 476 ppm. The higher concentrations is recorded 
near the back water bodies and some electroplating industires. 
Iron (Fe) t 
Iron is an essential element for human, animal and 
plant growth. Normally iron concentration in unpolluted 
water table aquifers occurs less than 0.5 mg/1 due to relatively 
aerobic conditions prevailing there. Under 
urbanised areaii, which have leeched terric and manganese 
Oxyhydroxide minerals in the sediments, reduction of the 
metals to their soluble divalent form occurs. Waters that are 
not in contact with the atmosphere may lose their dissolved 
oxygen by reaction with the ferrous compounds or by the bacteria: 
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activity* Thus many sub-surface water, such as groundwater 
and marine sediment porewaters, are anaerobic » Under 
wnaccc^ic conditions the most abandont form of dissolved irons 
Of 
is the F e ^ , which can be present at reasonably high 
concentrations in equilibrium with iron cooEqpouinds• Many 
groundwaters contain high concatration of iron in the water, 
however/ the primary objection to it in water is 
and not physiological. The High concentration of Fe may stain 
laundry and Fixtures etc. 
The W.H.O. (1971) prescribed permissible limit of 
Iron in drinking water ranges 0.3 mg/1 to 1.0 mg/1. 
The study area shows an iron concentration ranging 
from 0.019 to 2;2 ppm. The maximum concentration is c^served 
in the open well water at Thiruthallur west (2.2 ppm). 
Zinc (Zn)t 
Most Common Zinc compounds are not particularly toxic 
in low to moderate concentration, nor are they particularly 
soluble in water. It is estimated that people consume on an 
average 10 to 15 mg of Zinc daily in their diets. From the 
stand point of water supplies, 5 ppm in the USRIs drinking 
water limit (Concentration of 25 to 30 ppm have an objectionable 
taste and appear milky)• Aquatic organisms are more 
sensitive than human to zinc concentration as low as 0.1 to 
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1*0 ppm have been found l e tha l to f i sh and other aquatic 
animals. Copper I s reported t o have s l n e r g l s t l c e f fec t s 
with zinc to t o x i c i t y . 
In the study area the Zinc concentration ranges from 
0.046 to 1,023 ppm. The maximum value recorded In the well 
water a t Marathayur. 
c o b a l t (Co) i 
There I s no prescribed l i m i t for Cobalt In drlnldng 
water has been es tab l i shed . I t I s however moderately toxic 
to aquatic organisms. 
The concentration of coba l t In the area ranges from 
0.004 to 0.51 ppm. The maximum (0 .51 ) concentration of 
Cobalt I s found In the well water a t Chetwal. 
C O P P T (Cu) I 
Copper Is not considered harmful to man In normal 
concentrations. However* It Is reported to have toxic effects 
vilth Zinc. The maximum peinalssible concentration of copper 
In the drinking water Is 1.00 ppm. 
The Copper concentration In the study area ranges 
from 0.015 to 0.76 ppm %rtilch Is below the permissible limit 
for the use of drinking water. !Rie highest concentration 
55 
I s recorded In Kazhlppuraia well water (0.76 ppm)« 
Stroptiim (sr) s 
The concentration of Strontium ranges from 0.043 to 
5.874 ppm. The highest value was recorded In the Kadappuram 
well water (5.674 ppm)• 
C H A P T E R - ^ VII 
SBA HATER INTRUSION 
Sea water Intrusion in the confined and unconfined 
aquifers along various coastal states of Indian uion are 
being increasingly reported* The problem are particularly 
severe in the coastal belts of Tamil Nadu, Kerala and Gujarat* 
Due to the increasing demand of potable water resources caused 
by increased populations and raised industrial activities, 
the limited groundwater resources of this sensitive ai^ ea 
are being more extensively utilized compared to v^at it used 
to be a decade back. In many places this has resulted in a 
gradual lowering of water table causing sea water to 
intrude further inland. 
Coming down to Kerala, Kerala Coast line is around 600 
km long and 10 km average width. Ibis narrow coastal belt 
though constitutes only about 10 percent of the total land 
mass, but it supports more than 25 percent of her population 
causing the world's highest population density in any coastal 
stretch of the state* (1750 person/sq*km). This unusual 
population pressure coupled with concomitent industrial growth and 
of 
conpleted dependence/rural population on groundwater has created 
a tremendous stress on the quantity and quality 
of this vital limited water resources of the state* Preliminary 
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i n v e s t i g a t i o n s ind ica te that 3 ,00 ,000 l i t e r s of groundwater 
perday per km. o£ Kerala's Coastal s t re tch are being 
withdrawn, mainly through a large nuntoer of dugwells in t h i s 
area (about 150 dug wells/sq.km) . Withdrawal ©f such fresh 
water from the shallow confined aquifer adjacent to the shore, 
p a r t i c u l a r l y i n the absence of appropriate recharge in 
non-monsoonic seasons causes lowering of fresh water t a b l e . 
This lowering of water table i s met with the landward advancement 
of the sea water in ter face and t h i s reducing freshwater 
storage space and a l so p a r t i c u l a r l y increas ing the sa l t - conten t 
of the potable water due to transverse or l a t e r a l d i f fus ion 
d i spers ion of oceanic s a l t s . 
Since the time of Ghyben - Herberg, the q u a n t i t a t i v e 
r e l a t i o n between thd fresh water tab le depth and the p o s i t i o n 
of sea water in ter face i s well understood through the 
r e l a t i o n . 
^ = Df 
" DS - Df 
i n which ( f i g . i6 ) 
h » Depth of freshwater i n the aquifer below the s e a l e v e l 
H » Depth of fresh water above the sea l e v e l 
Df» Density of freshwater (1 gra/cc 
Ds« Density of seawater (1.025 gva/cc. 
Physical ly equation (1) s i g n i f i e s that for every \mi t 
drop of fresh water tab le ; there (Df/Ds - Df) t imes r i s e of 
Fi<5 I S S E P \ WATE:r\ I H T - R U S I O N A N D O-IIYBEN-HERZorFXC, R r i M i o N 
-7^ 7^ '—yx-
~/rjC 
itt\ vv/ATf^ lur i i^rAcR 
H - F.LrvAiioM or TRrsii n A T r n A O O V F 1 I.F ' - -PA LrVFL 
IJf -- uf -nr .HY o r r«r .5 i \ K A I T P 
b a < O C N C i r v o r SLts W J A I E « 
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water laterface« thus severely res tr ic t ing the available 
quantum o£ fresh water. The typical value of the factor 
(Df/bs - Df) I s the order of 40. What happens to the 
quality of fresh water consequent upon th is r i se of sea water 
Interface Is neither properly understood nor adequatly 
researched. Available l i terature are very scanty and f ie ld 
observations on th is aspect Is also not well documented. The 
present work alms to have a beglnlng In that direct ion. 
Dynamics of Coastal Girouodwater qualltyt 
Basic concepts 
Gh^en-iierseberg concept of sea water Intrusion In 
coastal aquifer Is shown In f ig : i'6 . The sharp Interface 
between fresh and Saline water Is depicted only In simplificat-
ion of the actual s i tuat ion. In real i ty there ex i s t s a transi-
tion zone of certain width vtiare the density varies between 
sea water to that t>f fresh water. The density of water Is 
proportional to the dissolved s a l t content In I t . This means 
TDS/ Chloride and other sa l t content distribution across the 
fresh water lens wi l l also be of the same nature as that 
of density distribution. Hence I t Is obvious that the average 
density (D) and consequently average TDS, Chloride and other 
Individual sa l t content of the following freshwater lens 
wil l be dependent on the thickness of fresh water lens 
available at that point. Keeping In view of above# I t Is 
pej^aps logical to expect the followlngs: 
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1. At any point of time average salt content of the fresh 
wai:er l^ as-shovild increase as one approaches the shore. 
2. At all points in the coastal aquifer^ salt content should 
increase with the lowering of fresh wauer table* 
3. The rate of increase of salt content with lowering 
of fresh water table should increase as one goes nearer 
to the shcure. 
4« Beyond a certain critical distance from the shore* the 
salt content of the fresh water should be independent of the 
depth to the water table and it's temporal fluctuations. 
Field groundwater responses of typical coastal 
aquifers have to be studied to validate the concept introduced 
and to quanityt the parameters mentioned in points 1 to 4 
above. 
Grooodwater quality» 
(Behavior in a typical coastal aquifer: field results 
and interpretation) , 
Specicd and temporal variation of groundwater quality 
are being recorded in selected open well along the coastal 
stretch of Chawghat region of Trichur district. This 
particular coastal belt have an average width of 7 km and 32 
km long. The main source of drinking water is the fresh water 
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lens in the shallow unconfined aquifer floating over the 
sea water wedge of the type described in Fig. i^ General 
direction of freshwater flow is from eastern uplands to the 
Arabian sea in the west* 
The depth to water table and the two water quality 
parameters of total dissolved soilds and Chloride content were 
measured during three tinoes in a year monsoon (July-August) # 
post-monsoon (Dec-Jan) and Pre-monsoon (April-May)• during 
1989 and 90. For each depth to water table measurements 
corresponding TBS and CI2 values are plotted and shown in 
figs ( 17 and 13 ) . The slopes of these plotes indicate 
rate of salinity (TDS or CI2) charge with the change of depth 
to (freshwater table and are termed as quality-depth index 
(QDI); These indices represents the likely amount of rise 
or drop of salinity per unit lowering or rise of depth to 
water table. High QDI indicate heigher sensivity of fresh 
water towards the change in deptii to water table. 
The distance of the observation wells from the sea 
shore are plotted against the QDI for TDS and CI2 and are shown 
in Fig: (19 ). 
Fcom the figs i7 SL 18 it is seen that quality 
parameters {TDS and CI2) in the coastal aquifers varies 
lenierly with the depth to water table. As expected lowering 
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Of fresh water table Is associated with deterioration of 
quality* Experimental areas shows* the QDI variation In 
between 3400 ppnv/m to 45 Tppta/m for TDS and 1967 ppn^ 'ni to 
23 ppm/m for cl2< The well close to the sea coast* show a 
high value of QDI. At higher distances from the shore; 
It Is seen that QDI Is Insensitive to the change In depth 
to water level. This Is In conflrmlty with the basic 
concepts mentioned earlier. 
The plots of QDI Vs well distance (from the shore) 
Indicate an exponential decrease of QDI with distance. As seen 
from the plots* the coastal aquifer may be devlded Into two 
zoh»s* egt 
1. sensltiva zon«t Zone adjacn«int to the shore v^lch Is 
extremely sensitive to t^ fluctuation of water table. Even 
a slight change In depth to water table will loose a marked 
change In ground water quality In this zone. 
2. Insensltiv zone* Depth to water table variation 
In this zone have only a marginal effect on the water^quallty 
parameters. 
The limited field results along the stvidy area 
(fig 19 ) show that the sensitive zone In this caost extends 
upto 200 m from the shore. Identification of this sensitive 
62 
zone i s extremely in^or t an t because atmost care have to be 
talcen to maintain mlniraum possible depth to groundwater 
t a b l e . This can be achieved by a combination of r e s t r i c t i v e 
groundwater withdrawal and appropriate recharging in t h i s 
zone* 
The l imi ted study here b r o u ^ t - o u t the quan t i t a t ive 
and q u a l i t a t i v e response to the change of depth to water tab le 
to the water q u a l i t y parameters (IDS, CI2) in the vinconflned 
coastal aquifer,Cl^awghat region of Trichur d is t r ic t^ Kerala 
s ta te«Pat te im of va r i a t ion of qua l i ty parameters caused by 
changes a t measurable physical parameter of depth to water 
t ab l e are e^qpected to be on the s imi lar times in a l l s imi lar 
coas ta l aquifers elsevAiere. 
Prom users point of view. Parameter QDI Introduced 
i s extremely important. Given the value of QDI in a l o c a l i t y 
the well users can themselves f indant the maximum amount of 
water he can withdraw, without jeopar id is lng the heal th of 
p o t a b i l i t y of t h i s well water. From the point of view of 
optiroam development of groundwater resources of coastal 
aquifers* the planners and executing hydrogeologists would 
be able to affecively plan i f the parameter UOI and width of 
s ens i t i ve zone are knownfpriori. 
The experimental areas show the UDI va r ia t ion i s 
between 1967 ppm/m to 23 pprVm for .CX and 3400 pptn/m to 
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45 ppm/m for TDS , The well nearer* to the coas t 
higher the value of UDI* 
Based on the groundwater balance s tudies mentioned 
e a r l i e r chapter* the zones* which are catagorised as 'dark* 
s tage of development, are lying in t h i s sens i t ive a rea . I t 
i s in^or tan t to i den t i fy t h i s zones and maintain the 
minimum possible depth to groundwater t a b l e . 
SUMMMtT AMD CONCLUSZOii 
Groundwater is femillar to almost all Keralites. 
Eventhough the state is small, Kerala has a large number 
of rivers and streams. In spite of this, the people of Kerala 
generally ase groundwater for everyday needs. Even people 
residing in river banks, dig wells,fetdi drinking water, ttie 
Common man of Kerala is thus quite familiar with shallow 
aquifers, water table and safe yield of wells. The total 
width of state is only about 60 km on an average and at many 
places the width is much less. Within this short width, 
the land slopes steeply, falling by about 1,000 m from the 
ghatsr. to the sea. This steep slope is not favourable for 
holding any appreciable quantity of groundwater. In the slope, 
rain water finds it easy to flow through the surface than 
to seep into the soil. 
The Coastal belt constitutes about 10;^  of the 
geographical area of Kerala, but nearly 25^ of population 
resulting in one of the highest population density in the 
world and there by putting a severe stress on the available 
water resources in the regions. Incidently, almost entire 
domestic water need of the area is meet from the groundwater 
extracted through the shallow open wells tapping only the 
unconfined aquifer along the coast. 
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The coastal part of the Chawghat region lies In the 
Trichur district is a part of the Coastal stretch of Kerala* 
It is an area of about 215 sq.km. The only source of ground-
water in Kerala is rainfall. The average annual rainfall 
is about 3050 nna« 
Physiographically# the district can be divided into 
three divisions. (1) Low land covered by coastal alluvium 
(2) Midland (3) High land. Coastal alluvium and laterites 
are the major soil types of the area. Geologically the 
area is covered by coastal alluvitiro« underlying by laterites 
and Tertcaries. The basement rocks are Hornblond-Biotite-
gneiss and chamockites. 
Hydrogeological and Hydrocheooical data from a network 
of observation wells spread over the area lying between 
Arabian Sea in the west and Sandlaterite boarder in the east 
have furnished for valuable information on the groundwater 
regime of the area. A critical analysis of the datas have 
helped in identifying the pattern of groundwater occurrence* 
movement and the Seawater intrusion. 
Exposures though poor of Tertiary rocks are found 
in the study area« due to extensive lateritic and alluvial 
cover and presence of several esturine and lagoonal water 
bodies. The quaternary alluvium forms potential aquifers 
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along the coastal area. The alluvium essentially comprises 
of sands, clays, and silts and is extensively developed by 
a nuinber of dug wells and filter point wells to meet the 
domestic needs* Laterite acts as a good aquifer and extensively 
developed by open, dug wells to meet the domestic needs. Bed 
rock encountered at 74 m to 80 m below ground level. Deep/ 
tubewells and borewells are not feasible due to saline water 
intrusion. 
Gro\indwater occurs under water table condition'in 
alluvial deposits and laterites. In Xertiary deposits it 
occurs semi-confined to confined conditions. 
Depth to water level ranges from 0.25 to 7.5 m below 
ground level. The yield from the wells are generally 15 to 
3 
30 m /day in alluvial aquifers and in laterites it ranges from 
60 to 120 «V<3lay. 
For the depth to water level studies and groundwater 
Balance studies, the area can be divided in two stretches. 
The depth to water table data indicate that each stretch 
can be divided into four different water level zones with 
an average yearly mean fluctuations of 0.75 m, 1.5,m, 2.5 m, 
3*0 ra. The depth to water level ranges from 0.20 to 7.5 m 
below ground level. The general ground water direction is 
east to west, l^e hydraulic gradient varying from .03 m/km to 
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4 a/koi. I t I s s teeper In the South eastern part and 
Northern part i n the Post^raonsoon season. During the 
pre-monsoon period the hydraulic gradient i s very low 
between Chawghat and Natlka. 
Based on the d i f f e r e n t water l e v e l zones the ground 
water a v a i l a b i l i t y and balance have been e s t l n a t e d for each 
s t r e t c h . The ground water a v a i l a b i l i t y in zone I , I I , I I I 
and IV of the Andathod-Chetwal s t r e t c h i s 1,56 MCM, 8.88 MCM, 
23.41 axM and 12.99 MCM r e s p e c t i v e l y . The ground water 
balance i s 0.11 MCM, 4.75 MCM 16.87 MCH and 9.97 MCH 
r e s p e c t i v e l y . In the Chetwai-Valappad s t r e t c h the ground 
water a v a i l a b i l i t y i s 3.78 MCM, 9.65 MCM 18.68 MCM and 6.76 
MCM for the zones 1, I I , I I I and IV r e s p e c t i v e l y . The water 
balance i s 0.26 MCM, 5.16 MCM, 13.46 MCM and 5.19 MCM 
r e s p e c t i v e l y . 
In the f i r s t zone of the Andathod-Chetwal and Chetwai-
Valappad s t r e t c h , the s tage of groundwater development i s 93^ 
I t f a l l i n the dark category, so recomending a r e s t r i c t i v e gro-
undwater withdrawal and appropriate recharging i n t h i s zone. 
In the other zones the s tage of groundwater development i s 
l e s s than SQPA, so far there i s a large groimdwater stirplus 
ava i lab le for the further development. 
During the Suimt^ j?: j^easoi>, the>:;<2^undwater near the shore 
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and Dear the backwater bodies^ Is not s\iltable for dcxnestic 
purposes due to high salinity* The electrical conductivity 
is very high in this ^ea. The tot§l dissolved solids and 
chlorides are also high. During sunner season the Sea water 
is entering to the suirf ace water bodies and deteriorating 
the water. The wells near these sxirface water bodies are 
polluted due to direct re-charge. A bridge cum regulator 
can prevent the entrance of sea water to the surface water 
bodies. 
The aquifers are polluted with the heavy toxic 
metals li]ce Cd# Cr« Pb, Fe, Cu« Zn etc, viiich may couse 
various health hazards to its users. The source of this 
heavy toxic metal pollution may be from the sea water, surface 
water bodies and Sewage from the electroplating, Pcdnting 
and metal based industires which are situated in the area* 
The limited field results along the study area shows that 
the sensitive zone in the coast extends upto 200 m from the 
shore. Identification of this sensitive zone is extrecoely 
important because care have to be taken to maintain minimum 
possible depth to groundwater table. This can be achieved 
by a combination of restrictive groundwater withdrawal and 
appropriate recharging in this zone. 
From the users point of view, the parameter quality depth 
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index Introduced is extremely io^ortant. Knowing the 
value o£ quality depth index in a locality* the well user can 
themselves find out the naxiaura water he can withdraw, without 
jeopardising the health of potability of this well water. 
From this point of view of optimum development of groundwater 
resources of coastal aq[uifer# the planners would be able to 
effectively plan if the parameters quality depth index and 
width of sensitive zone are known apriori. 
R E F E R E N C E S 
Agricultural Departntent, Government of Kerala, 1988$ Soil 
Survey in Kerala, unpublished report, Agricultrual 
department, Trivendrum. 
AFHA* 1975: Standard methods for the examination of water 
and waste water, 14th Edn. American Public 
health Association, Washington, D.C* 
Beirg J.W. and Barbank, F, 1972: Geochemical Environment 
in relation of Health and Disease AMM. N.Y. 
Acad. Sci. 199, 249->264 
Chakravarty C.R., Roy P.K, 1983: Hydrochemical investigation 
of groundwater resources in Andamans for 
irrigation and domestic consumption, p'roc. Sem. 
an Assessment, Development and management of 
groundwater resources. Vol. 1. p. 275. 
Chandra V. Satya; 1980: A status report of R. D. work done 
in India. Toxic Metals in environment. Published 
by industrial toxicology Research centre, 
Lucknow, India. 
Craun, G.F. and McCabe^ L.J; 1975: Problems Associated with 
metals in drinking water, J. Am. Wat. Wks. Ass., 
67, 593-599. 
Desai, et al., 1979: Hydrochemical evidence of sea water 
intrusion along the Mangrol - Chorward coast 
of Saurashtra, Gujarat. 
Devapalan Nair, G., Ramaswamy, V; 1987: Exploration and 
exploitation of groundwater in coastal belt of 
Guruvayur-Chawghat areas of Trichur district, 
Proc. of the Nat. Sem. on "Ground water in coastal 
tracts", held at Trivandrura, Jan, 1988, 2,43-50. 
Drinking water and Health, 1980: vol. 3 National Research 
Council Washington. DC. 
Federal water pollution control Federation; 1968: Report of 
Committee on water quality criteria, Washington, 
D.C, p. 234. 
71 
Goyer, R«A» and Rhyne, 1974 8 Pathological effect of Lead, 
Rev. Exp. Pathol. 12, p. 17, 
Grbxindwater Divisioa, CWRDM, 1983. Sea water intrusion in 
typical coastal aquifers of Kerala GW/R-.42/83, 
Centre for water Resources Development and 
Management, Kozhikode, Kerala, India. 
Groundwater Division, CWRDM, 1983; Trichur Coast Physical 
parameter. Report No, GW/3D-40/83, Centre for 
water Resources Development and Manageoosnt, 
Kozhikode, Kerala, India. 
Handa, B.K.; 1975s Grovindwater Pollution in India, National 
Symposium on Hydrology, Univ, of Roorkee, E-24, 
and E-39. 
Hand, B.K.; 1974: Modern Methods of water analysis; Min. 
Agr. Tech. and irrigation; Mannual, 400 
Haridas, V, Shibu Das, P.P., Rajagopalam 3,P.; 1987» Extent 
and Pattern of groundwater utilization in coastal 
Kerala - A case study in a sample area in Trichur 
district, Proc. of the Nati. Semi, on "groundwater 
development in Coastal tracts", held at 
Trivendrum on 1988, IJ 35-46. 
Hem, J.0.^1959$ study and interpretation of the chemical 
characteristic of Natural water, U.S. Geol, 
Survey water supply paper, p, 473. 
Henry, H,R, ; 1964s Effects of disperson on Salt encroachment 
in coastal aquifer U.S. Geo. Surv, Water supply 
pp. 1613 
I.C.M.R., 1975: Manual of standard of quality for drinking 
water supplies, Indian Council of Medical Research 
New Delhi 2nd Edition. 
Jones, P.H. et al. 1956: Subsurface geological methods in 
Groundwater Hydrology, Advances in Geophysics, 
vol. 11, Academic Press, pp. 214-300. 
John Kurien, 1980: Groundwater Resources of Eriad-Ponneni 
area, Kerala, Geol. Sur. of India, Sp. Pub. No,5 
pp. 103-106, 
72 
Karaa th , K.R.; 1987* Groundwater Assessment, Developraent 
and Management. F i r s t e d i t i o n , Ta ta 
MacGrow H i l l , p . 720. 
Kr ishnan, M.S. ; 1982« Geology of I n d i a and Burma, S i x t y 
E d i t i o n , p.536. 
Kunjukrishnan Nair, 1980» Groundwater in Kerala, Geo. Sur. 
of I n d i a , Sp . pub . No. 5 p p . 123-125. 
Lee, C.H., Cheng; 1974< Sea water encrochment i n c o a s t a l 
a q u i f e r s " , water Resources Res . Vol.10 
( 5 ) , p p . 1039-1049. 
Na i r K.M., Rao M.R.; 1980$ s t r a t i g r a j d i i c a n a l y s i s of Kera la 
Bas in , Geol . s u r . of I n d i a , Sp . Pub, No,5, 
p p . 1-7. 
N a t i o n a l Acadmy of Sc ience , 1977: Drinking water and h e a l t h 
279-283 Washington, D.C. 
Nazirauddin, M, Basak. P, 1984: Groundwater a v a i l a b i l i t y 
and i t s d i s t r i b u t i o n along t h e c o a s t a l b e l t 
of Kozhikode d i s t r i c t , P r o c . of t h e N a t . 
S e r v . on "Groundwater i n c o a s t a l t r a c t s " , 
h e l d a t Trivandrum, J a n . 1988, 2, 1-14. 
Olwin, J . H . 1977: Metals of t h e l i f e of man, J . Am. Wat, 
works, 'ASSOC 67, p . 403-409. 
Pasco, 2.H. 1964: A maanAaalof Geology of India and Burma 
Govt, of India press, Calcutta, p, 21, 
Pathak B.D. 1985: Groundwater in India and Scope for 
future Developraent, current trends in 
Geology, VII - VIII, pp. 573-577. 
Rao, G,K, 1987: Groundwater recharge Estimates by Radio 
Isotope method - A critical analysis. Journal 
Geological Society of India Vol. 29, Jan., 
1987, pp. 180-88 
Schroeder, H.A, and Kraemer L.A. 1974: Cardivascular 
Mortality,Municipal water and Corrosion Archs 
Environ, Health 28, p. 303 - 311. 
73 
Synder, R.B., Webbles, D.J . , Person, J . E , , Ewtng, B.B.,1971; 
A steady o£ Environmental pol lu t ion by lead, 
i n s t i t u t e o£ Environmental study. Es ta te of 
I l l imoise 11 EQ Doccuraent No.717, 
Taigbenu A . E ^ Ligget and Cbeng A . H . D , , 1984» Boundary 
i n t eg ra l so lu t ions to sea wafeer in t rus ion i n t o 
Coastal aquifers water Resource Res. 20 (8) 
pp. 1150-1158. 
Thirugnanasambandum S. 1980t Geomorphological s tudies in 
p a r t s of Trichur, Palghat and Halappuram d i s t r i c t s 
Kerala, Geol. Sur. of India , Sp. Pub. No.5, 
pp . 61-66. 
Todd, D.K. 1980t Groxuvdwater Hydrology second Edition, Jhan 
Wiley and Sons p . 535. 
U.S. S a l i n i t y Lab Staff, 1954t Diagnosis and in{>rove-ment 
of Salaine and Alkali So i l s , U.S. Depth of 
Agriculture Give. 969. 
USEPA, 1983: Public heal th Service Drinking water standards 
Publ icat ions 956, U.S. Govt, p r in t ing Office 
Washington D.C. 
Walton, W.C. 19708 Groundwater Resource evaluation 
He Graw H i l l s e r i e s in water Resources and 
Environmental Engineering p . 664. 
Webb, M. 1975* Cadmium Br. Med. Bull 31, p . 246-250. 
Wilcox, L.V., 1955: Class i f i ca t ion and use of i r r i g a t i o n 
waters , U.S. Deptt . of Agri . Give. 969. 
World Health organisat ion 1973s Technical repor t s e r i e s . 
Trace element in human nu t r i t i on , r epor t of 
W.Ho.O. expert Codimittee No. 532. 
World Health Organisation 1977: Environment Health C r i t e r i a 
for Cadmium, iuiibio G. 287-290. 
I 
4) 
U 
a, 
1 
a 
8 i i 
m 
o 
a 
8 
I 
0) O 
r-l 
« O 
> -H 
t j <» 
a u 
o 
> w 
0) O 
0) o 
"8 » 
0) S 
13 
O T - I 
I 
4)00 
>o\ 
<UT-4 -P 
1^6 
§ 
(0 
H C 
(N 
CO 
• 
tn 
»-• 
c* 
• (>i 
o (*» 
• (>l 
Ov 
vO 
• 
ro 
O 
O 
• 
ro 
\0 
^ 
• 
CM 
O 
»n 
• (M 
in 
CM 
• 
ro 
O 
VO 
• 
O 
V O , - I V 0 C 0 r - t < * 2 ^ 
M r M o i n i n c ' * ^ ' ^ 
r o r o m O r H f M ' ^ ' ^ 
O 
a> 
I 
Ch 
00 
0» 
1' 
6] 
V4| 
a 
s 
(V 
3 
M 
4) 
4) 
§ 
O 
n 
a 
4) 
9 0 S a 
8 
Q 
o o o o o o o q c q o o o o o o o o Q o r o O o > o o a o o o | ^ v ^ 
<T\ 
CM ^ ^ c M ^ o < 5 < M ^ o l n r ^ ^ o r • o l < n ' * a ) f ^ 5 ^ 
» • • • • • • • • • • • • • • • • • 
r < T - 4 0 r H 0 0 » H C M C M 0 0 0 0 C M 0 0 C ) ' ^ 
( ^ < ^ < » c ^ o ^ c ^ o c ^ c ^ o o o o c ^ o o < ^ c ^ o 2 r 3 
C M C M C M C M C N C M r O C M C M C M C M C M C M C M C M r O ' ^ 
0« 
4) 
cue 
4) o ^ a 
a 
o 
o 
a 
o 
§ 
I 
o 
!2: 
I 
^ i n r - i T - i v o ^ c M T - i u ) v o < ^ o o < D v o i n c M ( M <o 
< M c o o v o ^ r » r o c M v o " < * ( » c o o o o c n - * « n m 
• • • • • • • • • • • • • • • • • • 
r ^ f n r o m r o c M ^ v O C M C M r o r o n c M C M f M r H ^ 
o o t ^ c o r ^ c o c j x o o o o c o c ^ o o o v r ^ c D c o o ^ c j * co 
( M C M C M C N C M C M C M C M C M C M C M C M C M C M C M C M C M CM 
^ « - | i n ( M r ^ \ 0 r M C M C M C M r o C D \ O 0 0 < 0 T H O CM 
c ^ 
^eir^C^r^rHr^^r^•^C^r^OIO^^r^C<tC>iC4r^^ «*) 
It) 
u (4 
53 . v 4 ' B < o > t ( 0 < 9 ( d 
s d v 4 9 ( 0 ^ q i ( O t u t r ^ O ( o i o 
- 4 ! j ^ t - « ^ ^ ( M C 4 C M C M CM 
8 8 8 
c^ P' r^ 
Q Q Q Q g Q Q Q 
t"f c^ C*^  C*^  ^^ t ^ c^ c^ 
O m <7\ \ 0 ^ VO r4 
i/> CT» CJ\ m «*) 0 \ <-< 
^ r* f>i vo 
00 O 0) OH 
vO VO ^ vO ^ VO 
r» • * o M CO vo 
^ O Ct r^ O CO <^ O ^ O c^  ro »-l ^ ro 
r « o o o o r > v o o o c o c x ) c o o o o o o o Q O o o o o a o o o < x ) 
C « i f M C M O J C ^ ( N C M O J C > l { N f M ( > j r « I O < r s I C M O I 0 1 
( « r t r 4 M r ^ ^ ^ c o a ) ^ » r ^ O r - l ^ o f > l ( » o ^ o o r • 
u i i n v o r o ' O o ^ m o o o \ o o o ^ c ^ ' * ) i j n « < j < f o i n o o 
0 0 0 0 0 r ^ » ^ 0 0 0 < ^ I 0 0 0 r ^ 0 0 0 
o m ( ^ o ^ ^ • o ^ c o ( D o ^ c ^ a ) o o ( ^ o o o o v a ^ o o 
rtl^lCMfMOICvlMMMrafvjfMMrOfMMCNCM 
0 0 0 0 0 0 < > » 0 0 < n M O v O O ^ < ^ f ^ C > I C > I O O O ^ r O 
o ^ \ 0 \ o o o o o v o r > m v o c o o 0 r - i o > i n u i ' « t n 
i n T - i < n i H O < » » ^ f o o c s r o (*> T^ ^ ^ Irt rl* 
c o o o o r ^ t - r * c o t * - Q o a v c n o o o \ o o o \ o o < T » 
O O ' ^ ' t i n O V O O C M C M O O O I f - l M O I f ^ O I O O O ^ ^ 
< M " < i « r * r o r ' O v o c ^ o \ c o c a \ o a ) t - T - « T * ' o o * o 
CO r^ r-l 0 ^ o c « * f O O » ^ r o < - ^ t - ^ 1 H ^ o c>l (M 
« 5 
ft* 
> 
% 
u 
N{ 
(0 
1 
> (0 +> 
•g H o< 
V4 0) M 
i4 ;3 Q« 0) 
5 « . « ^ 
IS :d 3 5 
d +» 53 3 
« 5 0 0 s s a< o 
0 0 < J s O . - 4 C < l r 0 5 | i i n o » 
f > i p < * » f n f o r O f r ) ' * » « n o CM \o 00 f^ ^ •* ^ »n 
f-i tn vo o^  
u 
a 
CQ 
< 
H 
d) 
« u U 0) 
« Q 
•P 
ftf C 
^ -H 
•d 
3 0 
0 H 
u o> 
C!) fl) 
u 
*H 
°1^  
•H 0» 
0) ^ 
><W 
o s d . Qt 
n» +» S 0 M 
12.5 
0) 
^•;^]5 
•P<H 
H^ <0 3 
O lO W 
O Q) 
M O O ! 
« 00 
0) C0\ 
Q! T4 TH 
o 
0) 
o 
to 
^ 
rtf 
o 
CO 
O 
O 
a: 
u 
vO 
• in 
o 
»M 
\o 
f*) 
• 
r*y 
»-i 
VO 
r^ 
(N 
• 
o 
o fO 
in 
o 
• 
• < « ' 
CO 
r-i 
in 
't 
* 
en 
r-00 
'^ 
• 
• * 
00 
T-l 
r-t 
• 00 
r« M 
vO 
•<ii« 
• VO 
r-« 
rH 
VO 
in 
• 
o 
r^ 
ro 
-* 
<*> 
• C>I 
• * 
r^ 
ro 
in 
• 
CvJ 
X»i 
r-4 
• 
«-»-
00 
• * 
VO 
* 
• * 
Ol 
CO 
• 
00 
c^ 
t H 
(N 
• 
VO 
1-1 
CO 
• 
o* 
y-l 
t H 
00 
sn 
r-
• 
t - i 
IN 
n 
r j 
• 
in 
^ 
cs 
• 
m VO 
1-1 
in 
• 
a\ 
CM 
• 
00 
VO 
ro 
• 
OO 
r^ 
in 
• 
o 
vO 
^ 
• 
-0 
<-* 
in 
• 
00 
'd* 
VO 
• 
CO 
<M 
ro 
• 
in 
(*> 
H 
in 
• 
00 
rH 
04 
• 
< * 
VO 
vO 
CM 
CM 
T-I 
CO 
o 
VO 
00 
in 
* 
in 
VO 
00 
o 
o 
00 
00 
0) 
S«. Q"* 
e M4 s 
4> 0 ^ d H W ^ 
00 
CM 
<y> 
O) 00 CM 
§ 
o 
o 
i4 
0) O 
3: 2! 
3 
2 
ox 
Q 
vD 
CM 
O 
CM 
VO 
00 
CM 
o 
c^  
(0 
Id 
•H 
> 
VO 
CM 
• • 
m 00 
vO r-t 
o 
VO 
00 
* 
CM 
vO 
VO 
• 
00 
CM 
vO 
in 
vO 
> 
o w 
in ro 
CM 
OO 
CM 
CM 
o 
00 
CM 
00 
CM 
O 
in 
PO 
in 
VO 
in 
CO 
00 
CM 
CM 
13 
Q Q Q 
^ ^ p 4 p»f 
o 
vO 
CM 
CO 
o o 
^ o 
.-I H 
in vo 
• • 
00 m 
m 00 
in 
o in 
CO 00 
OO M 
in 
vo 
00 r* 
CM CM 
(0 
M 
in 
vo 
O 
CM 
in 
00 
O 
CM 
13 
fo in 
o 
00 
00 
CM 
o 
00 
to 
CM 
VO 
o 
CM 
CO 
CM 
o 
O O 
VO CM 
'H r-l 
» 
CM 
00 
rH VO 
• • 
00 •<• 
^ CM 
o o 
00 f^ 
Tf CM 
CM 
i 
u 
04 
0* 
ji 
^ 
a 
po 
in 
1^  
u 
3 H 
13 
i 
z 
»H 
0 
1 
d 
U (0 
4) U 
Oi ( i 
>{ 
S3 ss 
w 0 
c^  
0 
1 
+> 
a 
o 
o 
CO 
t 
S 
• id 
O 
^i4 
•(tf 
Z 
as 
O 
O 
O 
s 
r^ «> l n O r - l r - ^ o l ^ - ^ c ^ T - ^ ^ » c O r ^ ^ • « - « c O ( O v O o o < 0 < ^ ^ f ^ 
r- t-
U) in 
r 0 M ( B O O O r « l r * O 
KO rn 
lb o 
r- r- •* vo r- \o CO a\ CO o c<i 
^ rH CM CM r o 
un.H<x)-^c^coo*^ S 
Vo CM 
to ^ 
D 
iQi'i o i n m o i / i i o o o o o o t n o o o o o o o o o 
r^ T - i r O C M H r - l « n ^ C M 0 0 O \ r O r H C > * 
ICM «ft 
|o o^  
0) 
H O 
Q|0 g «H g o ro CI 
^ ro-H 
(3 
o 
1-1 
(0 
o 
o 
o 
!Z 
o « r o n c M y a < > » c o v O C * * 
O O O O O O O O r ^ T - l 
CM 
c M o o t n c M i n o o < o < ^ t ^ v o 
C O ^ < ^ O O O O C M O O v O ( X > O ^ O O i n c > I O r O r - t O O C O o 
r-* r-* r-t r^ r O C M 0 0 ^ V O r < » n a ) C 0 r v O < M v O t J ' V i > ^ 
o \ c M c M C M C M C M o \ c M o \ i n i n o o r » ( N . j O < ^ o ' M i r t < ^ 
fo 00 in CO «f vo ^ f O c i > v O O ' < 3 \ r o i n r - « 0 0 0 0 0 0 ' * c < 
CM »- l CM r< 0\ rO r4 
CM 
r - f ^ l v O < N i P < v O C M C M i O « n 
vo '* ^ M in r-i 
O •* r^ CM vO vo vO 00 
t-i tn 00 c>i cj\ 
<» OH 0 \ TH 
O C M C M O O C M O O Q O - ' I ' C O 
t - l CM l O CO <-4 
in in tn in in 
o v i n ^ f i n o o H ^ o r o c o o r i i i n i n o o o o v o ^ in m 
OH »-• 
ro CO 
C^ CO 
r - t i n o o m o H t - i o o a H C O M i n c o o o c M i n i n o c D O i o v o 
r o < * > f M f n r o m f o c o c M , - i f O C M i » , H i n v o c M ^ o o o o o o 
V O C M r 4 C4 \0 r-i m Vn CO fO r-i 
\0 r-t 
i o - < j « r o f o v o < ^ < M i D a » m c M , ^ v o v o c o M i f > o o 
CM CD > * ' < * ( » 0 0 v O < ^ ^ v O ^ C > l ^ v O v O » - I C O » n v O » - l v O a 0 < M 
^ c M c ^ ^ r ^ c o r ^ c M r o l n ^ o ^ o c o M ^ c o o o c M t n c M ^ 
o o 
I-l r-i 
nn in 
^CO CM 
o o o o o o o o o o o o o o o o o o o o o 
'!i««nrHPOvOi-«ovcMinr-^co<o»'>co*nofOfO'<i'co 
» H r H * H t H C M H r - 4 C M C M O v O < » « ^ < * ) O H ^ C M i « l t C M 0 0 
fM T^ 00 in T-I 
m in tn o m 
o c M u i ' ^ v o i n c ' i n a o i n i n i n o H 
m 
i > r * r ~ - t ^ c ^ r - t - * t ^ v o t - » v o r -
«H in i n 
• • • • 
v o r » p ' \ o r - p » r » \ o v o 
I P - C O ( » r - o \ o o c o o o c o o H O O P * o o c o o H o o o o o o o r » t ^ o o P -
T<>|r«l C M C M C M C M C M C M C M O I C M C M C M C M O l C M C M c o t M M C M C M C M 
I 
s 
i : o « f l - p 5 i ( 8 T 3 f l J ' 0 4 J < a "8 0 3 3 ? i : O . ' ? - P > i i 8 T 3 f l J < 0 - P < a r l 3 ^ 
4} (d43 ( 0 ( a ( B ( 0 ( 0 n ) « 0 > > 2 o i P 4 l U C : 3 t 0 < Q 
( o i f l - P C f l H H ^ - p - o B 3 ( 3 f l f l ) « > ( 3 ! 6 * * ( a io 
, c J M C « 3 9 c F > o > ' d o m f : a i 3 r H < 3 f l f l J c 4 j 2 « S c 
>i 6 
0) S 
0) 
10 
(0 
> 
CM CO 
Q O 
in lo QO ov r-i <nvor~'r4f;>|r*>^inp»flo^ 
«-t,-4«-lT-t<^CMcMCMCMCM<>l 
i g 
o 01 CO ^  m 
ro o CO CO f> 
ro 
< 4 - l 
.go 
(Q U 
•H <o O 
d - p > i 
< W <0 (02 
o 
•H 
d 
•H g 
o 
M 0> 
'dx; 
m o t ) 
OJ O O 
o 
0) 
•P 
C9 
+ 
« 
(0 
!2 
o 
o 
I Jo 
b} 
d a 
15. 
• MO 
Q) o <o a 
§ 
(0 
O 
o 
• 
o 
SB 
m 
p* 
• 
t-i 
vO 
f-l 
00 
• tn 
fO 
rH 
vO 
•«* 
• VO 
f-» 
»-i 
o» 
in 
• 
ro 
O 
t-« 
^ 
vO 
« 
t^  
r» 
m 
^ 
• 
r-00 
in 
'I* 
• VO 
CM 
CM 
CVJ 
O 
in 
VO fO 
M VO 
in 
fO CM 
\0 ^ 
in ^ 
• • 
<t in 
CM fO 
• • 
«<) 00 
^ t - l 
CM m 
in 
in <N 
• • 
o\ 00 
e g CM 
o 
•d 
in CO 
00 t - r> d in in 
O C O O V O O r - 4 V O O O r - 1 
t O r H c M c v i i n m o O i n o o 
v O f o c o r ~ i n f o v o ( J v i n p o 
w t-i 00 VO • • fH «*) t^ CO a» 
o o < T \ f ^ o » c o r ' ' * f l O • ( n v O ' - ^ 5 l ' O r ^ r ^ 
• • • • « • • c C O * * * * * * * 
r o o o v o i n r o o « - « i n i n o o < * c M . i # . ^ ( j \ v o 
C M , - | C M r ^ O i M C M f O M r - C M 
r > i n v O r 4 C 0 i n r - ( r - « i n « ^ r i CM 00 i n CM i n 
c o O O r ^ ^ ' < l • O O O O O O v O O C M O O O 
C M r o C M c M O C M O O \ O C D < ^ ' ' > O O t ^ v O O v O 
C^ r-4 r-t , - ( CM r ^ OM 
o o c M t n ( | | C M r < ' C M c \ r . r > i n c ^ i n r ^ r 4 M 
• • • • • • • • • • • • • • • • 
o o ( 3 \ v O i n c o i n v o i n K i » c * " < f v o v o o o v O T - t 
rH -^ T-i ,-1 CM rH 
i n v o v o o \ u i o v o i n c M ^ c o ^ r o c M o \ o o v o 
CM<X> v O C O v O r o t ^ « » f O O O O v O C M v O « * r ^ C M 
_ l r - l < - l r - l r - i r - « ^ r - l < - 4 r - l ( D < - < V O < - i O O ^ i n C M 
CM rH •«l« o i m 
i n o « / > o O i n o o o o o o o o o o 
i n o o v O i n t - i i n < ^ ( n \ o ^ o < N c M c M o o v o 
CM r H r - « r » > < ^ < ^ » - « f O i n C M f O 
o o f < v O f n i r t o \ t r t O 
• • • • • • • • 
CM ^ in trt 00 O vO 
c - i n i n . ^ O ' * O r ^ r - i 
T-i t * r» 
in o in ^  o in tn 
• • • • • • • 
00 <^ VO M O p» r^  
•<i« •^  o ON »-i r~ VO 
(M T H rH in r- T-i 5i« 
v O C O < n ^ V O f * * 0 0 v O ^ ^ < ^ v O 0 0 v O C 0 
• • • • • • • • • • • • • • • 
c o v o a o f ^ i - i r * ' o o v o v o i n c o v o o o v o a > f * > 
O I C M r H C M ^ r 4 ^ ( » > ^ 0 0 P » ' O ^ C M 5 j « f M 
o o o in o 
00 vO PM <0 i n 
r4 TH fH r^ rO 
v o o o o o o o o o o 
r - i i n v o r o M i O r - i i - i a o o i n 
r ^ c M C M Q o o c « • < ^ t - ^ r - l n • ^ | • 
CM ^ CM CM in r-l 
o in in in o vo m 
• • • • • • • 
r- r- r* f- CO r- p» 
lA tn 00 in 5ti 
4 • • • • 
v o f » r - t ^ v o c o c > - p » VO 
a t a t o \ o o \ c o o o o v a v o o o \ o \ o o o o a > 
C M M C M f n C M C M C M C M C M C M C M C M f O C M r O C M 
^ 
^^  i 
(fl 0 
a a § I 
Oi 0* 
•P 
Q 
I? <0 
> 
S2 
•< H %4 0« H 
S ^ s 
u u 9 
O w CQ 
13 (« 
5 5 
IT) (0 
1 13 
^ 
+> (0 d 
s 
CM r^  m vo CO ov T-4 r o v o f - r 4 M f n ^ i n r » o o o \ 
T - I H T H C M C M C M C M C M C M f ^ f M 
8 8 8 
e< H M 
o 
o 
00 »n r* •* 
• vO 00 i/> vo 
^ * • • • 
r«. fo f>» o I * 
ro •^ T^ O Ol 
00 r4 in CM t ^ 
r ^ i n , ^ 
in 
o» r^  r* to in m 
, ^ tn CO v0 
^ o\ so <>« 
O O «*» T^ 
CO M 
O \0 Q _ M O »-l 
^ 04 CM CM 00 \ 0 
CM fM « * T-t CO r^ 
o» p* vo in 
• • • • 
vO CM CM f O 00 
CM r - CM , H •«1> 
i n f-i 
CM 
0 0 < X > < ^ < ^ O O r O " # ^ t n 
• • • • • • • • • • 
T l • c M v O ^ O r ^ , ^ r - | l n v O » - ^ 
v O C O C M i n r ^ r H C M T H r < > < M 
00 CM ro T-« vO 
CM 00 so ^ 
m CM fo <r O M 
vO CM CM sO 
r1 rA m r-t 
00 r-« -^  O O 
O O \0 00 CM 
^ so C^ CM 
r 4 0 0 0 , - l O O O O O 
s O ^ c O C M O O O O v O s O O O 
so r^ 1-1 CM »n ^ ^ 
r* CO rH CM O 
• • • • • 
vO in CM ^ ro 
in o\ T-4 .H 
r > - o s o c M r « . o o o r o s o ^ 
f T j C M C M s O i n v O O O v O C M s O 
•# ^ r^ r-l CM r4 
\o ^ m c^  <« 
• • • " * • 
so 0* r- <jv ^ 
»-» O O 00 
00 so CM 
O O C M r O ' ^ i n O r O H r o 
• • • • « » * « r > -
0 \ CO 1-1 CM CO • . • 
O C T t C M O C M t n f o t n O i r O 
i n i H f O f 0 ^ r ^ r O i - l 
fi 
o 
o 
Cf) 
a 5f 
T <D 
0« 
O 
CO 
iH 
in 
m 
• 
^ 
0\ 
r-l 
o> 
m 
• 
CM 
1-1 
CM 
O 
o 
<4* 
00 
CM 
in 
• 
t^  
a\ 
<M 
o CM 
in 
f* 
in 
« 
in 
so 1-1 
CM 
00 
• 
00 
O 
in 
a\ t" 
V* 
c-
CM 
O 
00 
• * 
"«1' 
• 
so 
a\ 
m 
00 
• 
fO 
r-
o 
CM 
P-
»-t 
00 
<y» 
CM 
o CM 
1-1 
in 
• 
so O 
»-« 
CM 
• 
CM 
CO 
o 
rH 
ro 
VO 
so 
00 
M 
O 
CM 
m 
in 
• 
00 
^ 
CM 
1-1 
SO 
O 
CM 
TH 
i-» 
in 
• 
so 
00 
CM 
O 
CM 
O 
iH 
in 
• 
c^  
o\ 
m 
»-i 
so 
• 
CO 
in 
1-4 
o 
o CM 
so 
in 
• 
00 
0\ 
CM 
O 
SO 
ro 
in 
• 
CO 
r» CM 
CM 
CM 
o 
00 
CM 
1-1 
CM 
• 
r* 
o\ 
CM 
o CM 
CM 
o 
• 
1-1 
1^  
so 
• 
SO 
en 
O 
P* 
m 
m 
• 
so 
CO 
CM 
&i' 
& 
r-l 
00 
so in 
00 
• 
00 
o 
so CJ\ 
M 
p* 
o 
l*> 
o 45 sO 
o 
rH 
r* 
so 
• 
r* 
• 
• 
o CO 
CM 
<n 
P* 
a\ 
CM 
o 
o i-« 
o 
• 
CM 
«* 
r-t 
SO 
• 
00 
^ 
o 
in 
fO 
p« 
(JV 
CM 
o 
1* 
r-t 
CO 
»-l 
CM 
1-4 
SO 
o 
in 
so 
ro 
• P-
gj 
O 
O 
1-4 
. ! 
g 
T-« 
00 
• 
00 
^ 
o 
CJ^  
r-l 
p> 
*. CM 
O 
r-4 
CM 
CO 
r-t 
CM 
r-l 
SO 
O 
O 
SO 
SO 
• 
r-
00 
CM 
o CM 
r^  
in 
• 
so O 
T-4 
-t 
• 
^ 
CJ 
o 
in 
CM 
r^  
92 CM 
B U S 
« 3 l4 
y ^ 0) 
<0 
W S ro tJ 
0» 
U U 
r) 14 0) 10 u > « a ) U ' O H A : « i O s n } t ) : : 3 M a > < o 
+> <d « r - 4 * j 3 3 d « 3 - H j < A i a i S i o 433 
r* (D fl :1 ( 0 ^ • H < u ) 0 < 0 < T ) t 4 ( 0 < 0 i O 
o p* CO 1* in 
ro ro ro CO CO 
0\ O 
CO ^ 
<*< CO "• 00 < ^ »M OS 
'i' < • <* Ti« in 
§ § § C4 F* 
M p S 
<V J) 
H to O 
f O f - 4 f l O v o o o r o < x ) i n i n C T > r » f ^ , ^ a \ t * i O f O f o r ^ i n c M o O r - « c o v x > o o o o ^ c > i O f n v o o v o o o 
^ 
s 
o 
o 
•z 
a 
fa 
o 
2 
I 
O O O O O O O O O O T - 4 r 4 0 0 0 0 0 in 
vO 
vO 
O 1 
• 
o 
1 1 
«-4 
OJ 
1 O 
• 
o 
n 
o Ol 
1 • 
o 
M 
f-4 
O 
• 
O 
T-l 
vO 
O 
• 
o 
00 
r-
o 
• 
o 
?1 
o 
• 
o 
• * 
o rH 
• 
o 
m 
Ol 
-4 
• 
o 
^ 
CM 
O 
• 
o 
-* 
o 
o 
• 
o 
n 
r-
o 1 • 
o 
VO 
fO 
(N 
1 • 
O 
CO 
CN 
O 
• 
o 
OJ 
• 
o 
•^ 
T-4 
o 
• 
o 
00 
o 
• 
o 
t-l 
r* 
o 
• 
o 
r^ 
ca O 
• 
o 
vO 
CM 
O 
1 * 
o 
1 1 
t-4 
vO 
O 
1 • 
o 
<*> 
s 
1 • 
o 
1 
00 
o 
o 
• 
o 
in 
VO 
M 
• 
o 
VO 
'ff 
1-1 
* 
o 
1 
1 
c o o o r * o o r * - r » o O ' # f ^ ' * o \ r o i r t o o o r » p ~ u > t - r > 
r ^ ^ o o o o ^ v o c J ^ o r - r ^ O I ( O V O V O O ^ V O V O ' ^ O N < N O 
r ^ r ^ O r ^ c M o r o r ^ ^ o o ^ c M ^ r ^ O t ^ l , - l , - ^ r ^ l n ^ ^ 
O O O O O O O O O O O O O O O O r ^ O O O 
i n v O ( ^ t - | ( ^ 0 0 O i r O O » H V 0 < * » * 4 ( M O M 
o o o o o o « - i o 
• • • • • • • • 
o o o o o o o o 
o 
o 
Fi <*> vO iH m r^ 
o o o o 
• • • • 
o o o o 
I I 
o 
1 
o 
d 
o 
• 
o 
r-
^ 
tH 
• 
o 
<J\ 
T-l 
o 
* 
o 
(N 
in 
o 
• 
o 
1 
VO 
vO 
O 
• 
o 
00 
ro 
o 
• 
o 
r-
o 
o 1 • 
o 
t 1 
1 
00 
•«t 
o 
• 
o 
>* 
fO 
o 
• 
o 
VO 
T-l 
• 
o 
00 
o» 
o 
• 
o 
1 
o 
,TH 
m 
• 
o 
in 
.-• 
• 
o 
C<J 
o* 
o t 
o 
^ 
o 
• 
o 
tH0OP>J^fNi ( n « n r ^ r ^ < n o o « / > r > i c O v O m r * i n 
c > i ^ o % i n o ^ v o ^ ' ^ « ' * » n ' * r * c * - r o f « » ^ o » c O f o 
^ O O O t - 4 T - l O t - 4 r ^ O O t - 4 t H O r 4 0 0 r r > O i - 4 
o o o o o o o o o o o o o o o o o o o o 
r H ' - « 0 0 C i | 0 0 O \ O I < X ) ^ O \ v O i ' > r o r o i n t n r o « r > t n o \ < ^ H l > * o o O l n o o O l n ^ ( ^ ^ • c M r ^ < * c M r ^ 
r H O t O O l r - l T H O r H r ^ t H r - l T - l M O r O O t n r O C M r O 
O O O O O O O O O O O O O O O r H O O O O 
00 
r ^ c M o o c n o O r - t o s c ^ r - o o 
o o o o o o o o o o i n 
v o < - i k n c 4 i n a \ ' ^ r o 
^ T - i ^ r H ^ j i p o v o r - i n 
o o o o o o o o o 
o o o o o o o o o o o o o o o o o o o o 
r < ( r > ^ i n a ) v o o o o i o \ i n c N i o \ o \ f o p » o \ v o r o f O i n - « * f ^ ^ c < o r > " * < ^ f ^ * ^ O r H v o o » r o o o c n 
o o o o o O r ^ o o o o o o o O T ^ O r ^ l n r ^ 
O O O O O O r ^ O O O O O O O O O O O O O 
o 
(M rt in vO 00 9^ T-4 
Q Q 
8 8 
r o v o r » t - < < ^ ' * > ' * « n r ~ > o o o N O f < 
8 8 8 8 8 8 8 8 
in 
r* CO 
• 
o 
1 
<>» 
n 
o 
• 
o 
in 
in 
r^ 
• 
o 
1 
i 
c< 
r-t> 
• 
o 
1 
1 
^ 
n 
• 
o 
1 
1-* 
•* 
o 
• 
o 
M 
vO 
»-l 
• 
o 
o 
• 
o 
M 
T-4 
O 
• 
o 
r« 
• * 
04 
• 
o 
o 
• 
1 
^ 
<*^  
• 
o 
CM 
* 
o 
CM 
fO 
o 
• 
o 
1 
r-t 
• 
o 
1 
vD 
00 
o 
• 
o 
o 
• 
T-4 
»H 
o 
• 
o 
"* 
VO 
o 
* 
o 
1 
<>» 
o 
• 
o 
VO 
CM 
• 
o 
1 
1 
00 
o 
• 
o 
1 
1 
1 
1 
1 
r«.vo^<*>»'>inc^ooo> »-icx)i> 
r ^ t - ^ ^ n \ o v o o O f 0 1 - l ^ * • r • f M v o 
( S C M ( S r - i r M ^ C M C M ( M r 4 < H r i r - l 
o o o o o o o o o o o o o 
^ 
CM 
O 
• 
O 
1 
<t 
HI 
O 
t 
o 
1 
vO 
O 
o 
• 
o 
CO 
fO 
O 
• 
o 
1 
00 
r-l 
O 
• 
o 
1 
^ 
o 
• 
o 
T-l 
CO 
o 
• 
o 
1 
t 
GO 
CM 
O 
• 
o 
^ 
o 
• 
o 
1 
vO 
m 
o 
• 
o 
CM 
O 
• 
o 
c-M 
• 
o 
1 
• 
T-i 
o TH 
• 
o 
1 
Ift 
^ 
o t 
•<* 
o 
o 
* 
o 
1 
^ c O r ^ O r o o O C M r ^ v o c o p • 0 0 « « > 
t ^ o o < ^ ^ ( ^ o o o v o ^ o c M o o o 
^ o O t - ^ f O T ^ ' # o ^ ' » o O r ^ r " 
o o o o o o o o o o o o o 
t ^ T - i c M \ o v o o o v o i - i c o o o ^ ^ i n 
< ^ o ^ ^ * ^ n o o c ^ l \ O r ^ o o t j . c M c ^ l n 
H ' < * < ^ T - I C M r < C M r O t n O O O v O C O 
• • • • • • • • • • • • • 
o o o o o o o o o o o o o 
(ft \0 t^ CMr^VO0NC3%r^ ^ 
( V ) « i i > i n ^ v o i n x f r o ^ ^ t 0 5 i i < « 
O O O O O O O O O O g i O O 
O O O O O O O O O O O O O 
OS CO c4 o o i n i n r > i r < - v o t n Q O ( 7 t 
^ c o r - i n w r - r H \ o v o < £ > i n o o 
O O O O k O O O O O O O o o 
• • • • • • • • • • * • • 
O O O C M O O O O O O O O O 
r 0 ^ t f > 0 \ 0 < - 4 C M ( * > ^ Q O c O , ^ 0 \ 
R 8 § 8 8 8 8 8 8 8 8 g g 
A P P E N D I X - I 
Result o£ Draaght ana lys i s a t Trichxit-
d i s t r i c t (Period 190X-1980) 
Type of Year Rrequency of 
d r a u ^ t occurrence 
Mild draught 1905,06 ,09 ,10 , 48.1?; 
11 ,13 ,14 ,15 ,17 
18 ,19 ,21 ,22 ,25 
to 28 ,34 ,35 , 
38 ,39 ,40 ,42 ,44 , 
4 4 , 4 5 , 4 7 , 5 3 , 5 4 , 
58 ,63 ,67 ,69 ,70 
72 ,73 ,74 ,76 
Normal draught 1951, 52,66 3 .9^ 
Severe draught Ni l 
Most severe draught N i l 
A P P E N D I X - II 
Variation of deptii to water level in few 
typical welldB 
Sta t ion Name of 
NO. Stat ion 
TCD 22 Chawghat 
TCD 36 Enamakkal 
TCD 38 Tiruthal lur 
Year 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
Jan. 
m. 
2.75 
«• 
2.89 
2.93 
2.91 
2.82 
3.76 
3.92 
-
3.79 
3 .82 
3.92 
3.84 
-
3.04 
-
2.86 
3.00 
2;9 
3.01 
M O N T H 
April 
4 .45 
4.91 
4.94 
4.99 
4.16 
4.59 
4.34 
5.21 
4;93 
4.76 
4.55 
4 . 4 
4.35 
4.45 
3.92 
4 .15 
3.25 
3.76 
3.50 
3.95 
3 .98 
Aug. 
1.89 
1.32 
1.86 
1.45 
1.59 
1.01 
3.24 
2.43 
2.54 
2 .6 
4 .52 
3 . 8 
1.54 
2.03 
2.09 
1.94 
1.93 
1.84 
Nov. 
2.02 
2.36 
1.28 
-
2 .3 
2.03 
2.86 
3.35 
2.73 
2.96 
2.97 
3 .00 
1.57 
2.39 
2.19 
1.19 
2 .3 
2 . 0 
